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ABSTRACT
The purpose of this study is to understand ways that occupants’ and visitors’
interaction with energy efficient home design affects Energy Literacy. Using a case study
approach including interviews, surveys, and observations, I examined the potential for
affordable energy efficient homes in the Greenville South Carolina area to "teach"
concepts from an Energy Literacy framework developed by dozens of educational
partners and federal agencies that comprise the U.S. Global Change Research Program
Partners. I paid particular attention to concepts from the framework that are transferable
to energy decisions beyond a home’s walls.
My research reveals ways that interaction with high efficiency homes can effect
understanding of the following Energy Literacy concepts: human use of energy is subject
to limits and constraints, conservation is one way to manage energy resources, electricity
is generated in multiple ways, social and technological innovations effect the amount of
energy used by society, and energy use can be calculated and monitored.
Examples from my case studies show how the at-home examples can make
lessons on energy more personally relevant, easy to understand, and applicable.
Specifically, I found that:
•
•
•
•

Home	
  occupants	
  learn	
  the	
  limits	
  of	
  energy	
  in	
  relation	
  to	
  the	
  concrete	
  and	
  
constricting	
  costs	
  associated	
  with	
  their	
  consumption.	
  
Heating	
  and	
  cooling	
  techniques	
  showcase	
  the	
  limits	
  and	
  constraints	
  on	
  
different	
  sources	
  of	
  energy.	
  
Relatable	
  systems	
  make	
  it	
  easier	
  to	
  understand	
  energy’s	
  limits	
  and	
  
constraints.	
  
Indistinct	
  and	
  distant	
  power	
  utilities	
  allow	
  consumers	
  to	
  overlook	
  the	
  root	
  of	
  
electricity	
  sources.	
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•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Visible	
  examples	
  of	
  electricity	
  generation	
  systems	
  make	
  it	
  clear	
  that	
  
electricity	
  is	
  generated	
  in	
  multiple	
  ways.	
  
Small	
  and	
  interactive	
  may	
  mean	
  inefficient	
  electricity	
  generation,	
  but	
  
efficient	
  energy	
  education.	
  
Perceptions	
  of	
  expense	
  and	
  complexity	
  create	
  a	
  disconnect	
  between	
  
residential	
  energy	
  consumers	
  and	
  renewable	
  electricity	
  generation.	
  
Utility	
  bill	
  limits	
  and	
  constraints	
  exemplify	
  the	
  ability	
  to	
  conserve	
  energy	
  
resources.	
  
Replicable	
  examples	
  teach	
  lessons	
  on	
  conservation.	
  
Via	
  an	
  understanding	
  of	
  the	
  water-‐energy	
  nexus,	
  water	
  conservation	
  lessons	
  
transfer	
  to	
  energy	
  saving	
  lessons.	
  
Passive	
  design	
  exemplifies	
  how	
  a	
  shift	
  in	
  thinking	
  can	
  conserve	
  energy	
  
resources	
  through	
  informed	
  efficient	
  decision-‐making.	
  
Societal	
  shifts	
  in	
  energy	
  consumption	
  are	
  evident	
  at	
  home.	
  
Efficient	
  homes	
  provide	
  applicable	
  examples	
  of	
  social	
  and	
  technological	
  
innovations.	
  
The	
  home	
  is	
  the	
  environment	
  in	
  which	
  memorable	
  lessons	
  on	
  energy	
  are	
  
passed	
  through	
  cultures.	
  
Home	
  energy	
  consumption	
  comparisons	
  are	
  a	
  popular	
  and	
  effective	
  social	
  
innovation,	
  but	
  people	
  have	
  mixed	
  emotions	
  about	
  their	
  usefulness.	
  
A	
  utility	
  bill	
  communicates	
  that	
  utility	
  companies	
  are	
  monitoring	
  energy	
  use	
  
to	
  calculate	
  cost.	
  
Interactivity	
  enhances	
  feedback	
  from	
  energy	
  monitors.	
  
Calculating	
  and	
  monitoring	
  energy	
  use	
  is	
  perceived	
  as	
  a	
  complex	
  
mathematical	
  process.	
  
Energy	
  consumption	
  feedback	
  at	
  the	
  appliance	
  level	
  is	
  desired	
  to	
  inform	
  
decisions.	
  
There	
  is	
  a	
  separation	
  between	
  personal	
  energy	
  monitoring	
  and	
  public	
  
monitoring.	
  
	
  
Implications of this research are that an energy literate society will have the

knowledge that is a prerequisite for the motivation to address energy and climate issues.
Educators, policy makers, engineers, and designers all play a role in creating a built
environment that encourages energy saving behavior.
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CHAPTER ONE
Research Motivation
The following chapter will outline the need to understand my overarching
research question of “how interaction with energy efficient homes influences Energy
Literacy.” There is a recognized and urgent global need for energy efficiency (World
Energy Council, 2016). And yet, without an informed public, the recommendations and
actions of “leaders” will not have the needed impact. In this chapter, I outline needs and
opportunities to: expand energy literate decision-making, reverse energy consumption
trends, educate users of the built environment, and use in-home educational opportunities.
Energy Literacy is needed for decisions that save energy
Improved Energy Literacy is vital for addressing energy and climate issues (DOE,
2012). The U.S. Department of Energy (DOE) defines Energy Literacy as “an
understanding of the nature and role of energy in the universe and in our lives. Energy
Literacy is also the ability to apply this understanding to answer questions and solve
problems” (DOE, 2012).
By increasing societal Energy Literacy, there is potential for more people to have
the knowledge and motivation necessary to reduce their own consumption through
changing their personal behaviors (Laitner & Ehrardt-Martinez, 2009). Previous studies
have confirmed that occupant education is a powerful tool to help reduce energy
consumption (Ehrhardt-Martinez & Laitner, 2009) (McMakin et al., 2002) (Janda, 2009)
(Zografakis et al., 2008).
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Using the theoretical lenses of both social constructivism (naturework) and
educational constructivism, which imply that environments shape an individual’s
learning, my case study research uncovers some ways that Energy Literacy of occupants,
visitors, and those they communicate with, is influenced by interaction with the design
aspects of energy-efficient homes.
Efficiency innovations do not outweigh consumer-driven energy trends
Over the past 60 years, overall U.S. energy consumption has tripled (EIA, 2011).
Innovation has provided consumers with access to more energy than ever before, while
an understanding of how to sustainably consume this new amount of energy has been
lacking. Some products have become more efficient, but, more rapidly, populations have
grown, and the number of devices used by an individual has increased.
Efficient home design can lower energy consumption through improvements to
insulation, window design, and HVAC equipment, but the impact of all of these
improvements is controlled by their demand and use. While home design and weather are
major inputs to heating and cooling loads, user demand is much more variable and
influential in the appliances, electronics, and lighting category. From 1980 to 2009,
appliances, electronics, and lighting have increased their share of residential energy
consumption by 14%. Space heating dropped 14% to 42% and is no longer the majority
share of residential energy use (EIA 2009). When combining the two trends, it is clear to
see that buildings do not use energy—people do (Janda, 2011).
All things considered, a big opportunity is being missed to greatly reduce
residential energy use. It is easy to place the blame on the common consumer, but

2

policymakers, engineers, educators, and other professionals play a key role in our overconsumption issues (Janda, 2011). It is systematically challenging for the average
consumer to save energy. Some researchers compare this process to asking someone to
lose weight in a month without periodic access to a scale (Ehrardt-Martinez & Laitner,
2010), or keeping a grocery bill under a specific amount without price tags on the food
(Janda, 2011).
Smart homes need smart inhabitants for optimal performance
The physical design of a home has a substantial but relatively static effect on the
energy performance of the home. By comparison, occupants make residential energy use
very dynamic. Research shows that, after a home is built with efficiency in mind, shifts in
performance are dependent on occupant behavior (Andres & Loudermilk, 2011).
In the case of properly designed energy-efficient homes, a balance must be
created between design and occupant behavior to cost-effectively reach efficiency goals.
The U.S. Department of Energy explicitly states that efficient home design requires a
whole-house systems approach, in which designers’ and occupants’ Energy Literacy
plays a role. All stakeholders in a high-efficiency building or renovation must consider all
variables, details, and interactions that affect the energy consumption of a home (DOE,
2016).
For example, ultra-efficient homes, also known as net-zero energy homes, are
more than a traditional home with solar panels bolted to the roof rafters. A well-designed
net-zero energy home reduces the energy needs of a building by efficiently controlling
the energy flow of a building, and then utilizes a renewable energy source to provide the

3

remaining amount of energy demanded by the inhabitants (Torcellini, 2006). If an
inhabitant is not educated on his or her dynamic role in consumption, the most efficient
of home designs can perform poorly (Janda, 2011).

The home can be a special environment for formal and informal education
Throughout history, the home has provided for society in many different ways,
including education. In the early stages of our education system, what is now called a
“school” was known as a “schoolhouse.” Even after the name change from
“schoolhouse” to elementary, middle, high school, and so on, many reasons arose that
forced some people to continue being educated inside of a “schoolhouse.” While different
from traditional “homeschooling,” laws written as recently as 1819 forced African
Americans to learn and share knowledge at home. Slaves and free men were taught in
private quarters in fear of the law. The home was and still is a location for learning, even
in the most traditional form (Gaither, 2009).
My research is not focused on traditional homeschooling. The type of learning
experience I am investigating can be compared with the type of experience that one has
in a museum. With or without a tour guide, much can be learned from submerging
oneself in an environment that has been set up for exploratory learning (Allen, 2004).
Interactive experiences such as zoos, museums, and Disney attractions such as
Stormstruck have exposed millions of visitors to educational experiences (Anderson &
Lucas, 1997).

4

Almost more important than what a person learns from his or her experiences is
what they share. By studying what people learn, share, and apply from interacting with
energy efficient homes or their inhabitants, I can better understand how both personal and
societal Energy Literacy is affected due to this unique the educational experience. My
findings have potential to transfer to STEM concepts that are similar to energy and also
to infrastructure design approaches that are similar to residential homes.
As a STEM researcher interested in sustainability, my experiences in higher
education have provided me with a great deal of knowledge about energy. At the same
time, I am intrigued by the question: “What if I was interested in energy but didn’t want
to, or couldn’t, go to school and study a STEM-related field?” Energy needs a welcoming
face, one more inviting than a power plant (Washington et al., 2013). This is where
energy efficient homes may play a vital role. Energy efficient homes have many lessons
to share with their inhabitants and visitors. From renewable energy generation to efficient
energy flows through the building envelope, there is much to learn about energy from
interacting with an energy efficient home. The inhabitants and visitors of these homes are
constantly given the opportunity to learn about energy from their energy dashboards,
high-efficiency appliances, and electricity bills.

5

CHAPTER TWO

LITERATURE REVIEW
To investigate Energy Literacy, I have reviewed literature in various fields,
including but not limited to: education, engineering, architecture, sociology, and
psychology. In the literature review in this chapter, I discuss and synthesize the research
findings and other important published concepts that provide the context within which
my research is situated.
My research connects the peripheral boundaries of many disciplines. Education
literature provides the foundation for the constructivist perspective this study utilizes to
investigate learning processes. Sociological theories inform how I study effects on
environmental beliefs. I drew from literature specifically focused on learning abstract
concepts such as energy and from literature investigating the challenges associated with
creating an energy literate society. This literature review chapter is concluded with a
discussion of the Energy Literacy guide, which synthesizes engineering, education, and
sociology concepts and which I used as a conceptual framework for this study.

Constructivist theories identify the vital role of physical and social context in the
learning process
Constructivism is a philosophical explanation of the nature of the learning process
(Hyslop-Margison & Stroble, 2008). Research shows that the education of active
learners, who construct knowledge for themselves by interacting with people and
situations, is situated in physical and social contexts that have an impact on their learning
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processes (Anderson, Reder, & Simon, 1996). My research takes the perspective of
dialectical constructivism in which knowledge is derived from interactions between
persons and their environments (Shunk, 2012). By looking at the environment and
connected social network of a home, I studied how home visitors and occupants learned
energy concepts. For this study, both Piaget and Vygotsky’s theories on constructivism
were useful.
With a concept as invisible and as difficult to understand as energy, people take in
information on this topic in a unique manner. Piaget’s theories on equilibration,
assimilation, and accommodation helped me to understand how someone may process
new and/or conflicting information. Equilibration describes a learner’s biological need to
be at equilibrium between his or her perception and reality. Assimilation is when a
learner shapes a perception of reality to fit his or her existing cognitive structure.
Accommodation describes how a learner may change an internal cognitive structure to
provide consistency with an external reality (Shunk, 2012).
While collecting data, it was imperative that I identified a variety of ways in
which an understanding could result in a learner’s mind. Many of the embedded lessons
under my investigation are implicit. Piaget’s theory that learning occurs when cognitive
conflict occurs, and either assimilation or accommodation brings a mind to equilibrium,
helped me to understand obvious lessons and others that may have been overlooked.
Vygotsky’s theories on the learning process were used to understand the social
learning environment of an individual. This case study utilizes the home for its unique
characteristics as a hub for social interactions. It has been shown that interactions with
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persons stimulate development process and foster cognitive growth (Tudge & Scrimsher,
2003). Although this may be true, Energy Literacy is a complicated topic due to the poor
public understanding of energy consumption and conservative behaviors (Attari et al,
2010). Disseminating Energy Literacy lessons to the public using easy to articulate
examples has potential to counteract misconceptions and low Energy Literacy rates.
A person’s understanding of a concept changes depending on context (Gredler,
2009). Energy, for example, can be understood as a quantified physical state of matter or
as a metric of a person’s spirit and vigor. It is important to consider that language is the
most critical tool according to Vygotsky. The words experts use to discuss energy may be
hindering a society’s interest and ability to become energy literate. When conducting my
study, I was sure to be aware of my study participant’s vernacular to ensure that I was
communicating in an understandable way.
The zone of proximal development (ZPD) describes the potential space of
learning for an individual. The ZPD stretches from a person’s current understanding and
capability level to his or her future competence given the proper instructional conditions
(Puntambekar & Hubshcher, 2005). “Keeping up with the Joneses” is a popular idiom
that describes how, in relation to material goods, neighbors learn from each other.
Granted that it common to be aware of one’s neighbors’ behaviors, a home inhabitant’s
ZPD would likely be affected by those neighbors.
Tying back to Energy Literacy, it has been shown that the visibility and
interaction of neighbors influences the diffusion of solar panels in Connecticut (Graziano
& Gillingham, 2014). When a community member has already experimented with an
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energy decision, they may be able to help guide their neighbors through that same
process.

Naturework supports the need to design a built environment that encourages energy
saving culture
Naturework, also known as social constructionism, theorizes that we are
constantly being shaped by society, negotiating our beliefs (Gould & Lewis, 2009). Two
popular theories are the basis of many environmental sociology theories including
naturework. The human exemptionalism paradigm (HEP) and the new ecological
paradigm (NEP) anchor the spectrum that personal beliefs about the environment fall on.
People are anything but uniform and fall into various different locations on the HEP–
NEP spectrum and also shift position.
Naturework is one way an individual can shift on the HEP–NEP spectrum. People
who believe they are exempt from the limits of the environment fall near the HEP end of
the spectrum, and those who feel one with nature fall closer to the NEP end of the
spectrum (Gould & Lewis, 2009). Consequently, environments in which HEP mindsets
are built are the environments in which sustainable lifestyles are supported. Environments
that push an individual toward an NEP mindset will, by definition, lack external
motivators to sustainably coexist within nature.
It has been found that a person can have a belief system that intrinsically
motivates him or her to be an energy saver (Barr et al., 2005). Additionally, intrinsic
motivation is key in an individual’s sustaining of energy-saving behaviors, which, by
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definition, lends to a sustainable solution to society’s energy problems (Webb et al.,
2013). Longevity is a strong variable to consider when evaluating the strength of energy
conservation efforts induced by behavioral change, especially when considering that the
most intensive energy users are teens. Teens should be provided the opportunity to
develop in environments that work from the outside in order to establish long-lasting
energy-conserving habits.
With electronics growing rapidly, today’s youth are given a plethora of new
energy-consumption decisions to make, which has resulted in 20% higher consumption
rates compared with their adult demographic. Fortunately, teenagers do not only lead in
energy consumption, they also lead their parents in energy decision-making (Toth et al.,
2013). By using naturework to our advantage, a cycle of improved Energy Literacy can
be started, potentially counteracting our increasing rates of energy use. It is important to
keep in mind that an individual does not need to live in an energy-efficient home to be a
part of this cycle. By being connected to someone who is a resident of an energy-efficient
home, an educational ripple effect can occur due to the flow of information within social
capital networks (Lin, 2002).
For years, it has been understood that communication from engineers and
scientists also can build an environment that accompanies built infrastructures such as
homes. In 1983, psychologists Yates and Anderson touched on the fact that all
technological enhancements can be doomed by a society that does not support its use.
Yates and Anderson proposed innovations such as enhanced billing, neighborhood
comparisons, and peer education before their large-scale utility supported
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implementation. Instead of focusing on getting people to directly reduce their energy
consumption, this study focused on how to get people to support energy conservation
solutions. An effective way to increase support in energy conservation was to encourage
the interested and powerful to teach others, thus increasing their learning and using them
to reach further than your own network of followers (Yates & Aronson, 1983).
Recent studies by sociologists support the proposals of Yates and Anderson. For
residential energy consumers, customer feedback (education) has been identified as an
applicable way of reducing energy consumption across age groups. “Real-Time Plus”
feedback, which breaks down energy use to the appliance level, has been shown to help
reduce consumption by 12% annually (Ehrhardt-Martinez, 2010). Ehrhardt makes a
powerful claim, which is only done justice by a direct quote: “asking a consumer to
reduce energy waste based on the utility bill is like asking a dieter to lose weight without
using a scale” (Ehrhardt-Martinez, 2010).
Society’s value of energy is in as much flux as the price of energy. The reasons
people use and waste energy span a large spectrum. Informed and empowered
stakeholders are needed to create a strategy to improve societal use of energy. Using
social innovation to enhance technological innovations is a powerful notion that can and
should be used to unlock the solution to the world’s energy problems.
With a better understanding of the educational potential of net-zero energy home
design features, I am developing a social innovation through the enhancement home
design methods. People interact, perform, and feel differently depending on their
surroundings. Take Cornell University’s Biotechnology Building as an example: research
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conducted there has shown that, even after a building is completely constructed and static
in the mind of a civil engineer, the social systems inside are incredibly dynamic.
The untrained eye overlooks the psychological effect of set egress locations,
hierarchal spaces such as corner offices, and the effect of barriers between workers. The
inhabitants of a building may have many conflicting views on the level of influence their
surroundings have on them; one thing that cannot be ignored is that some type of effect
occurs (Gieryn, 2002). By being inside of a home designed to be energy efficient, if
lessons can be made evident, some type of energy education effect may occur.

Learning abstract concepts such as energy benefits from structure, repetition, and
support
Communicating the Energy Literacy concepts exemplified in net-zero energy
homes has the potential to provide structure to abstract concepts. For example: when
telling an individual that “energy use can be calculated and monitored” (DOE, 2012), it is
not safe to assume that concept will automatically stick into her or his mind. However, if
this person interacts with an energy-monitoring device, such as an energy dashboard,
there are more chances to learn this exact same concept. For example, the experience of
turning on an appliance to see how the dashboard updates, creates many thoughts and
memories for a person to retain.
Knowledge is better retained when it relates to a person’s life, and thoughts can
attach on to previously attained knowledge (National Research Council, 2000). In
America, we typically strive to ensure that the home is something most people can relate
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to. This relevancy is why the home is the educational environment of choice for my
research. Ideas that stick are known to have the following qualities: simplicity,
unexpectedness, concreteness, credibility, emotional, stories (Heath & Heath, 2008).
Both the qualities of “concreteness” and “emotional” directly correlate with personal
relevance. Taking concepts such as energy, or electricity generation, and relating them to
in-home examples is a possible way to provide relevance to an unfamiliar learner.
A similar strategy of relevance has been shown to be effective in the work of Dr.
Donna Riley. By using the often neglected ABET outcomes: ethics, communication,
lifelong learning, social context, and contemporary issues, Dr. Riley made
thermodynamics, in her words “the study of energy,” relevant (Riley, 2011). The design
of high-efficiency homes exemplifies multiple Energy Literacy concepts and can be used
to provide the social context suggested by ABET and supported by Riley.
Active learning and repetition have been shown to be effective education
strategies (National Research Council, 2000). Most research on active learning and
repetition focuses on the classroom setting. I hypothesize that active learning and
repetition remain effective outside of the classroom.
A high-efficiency home has the potential to provide an experience similar to an
interactive museum tour. There is much to learn about how our homes use energy to heat
our bodies, water, and food, light our surroundings in the absence of sunlight, and power
all of our favorite gadgets such as cell-phones and laptops. The accessibility of a home
provides advantage over a museum experience due to the repetition of the learning
environment.
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The Department of Energy is challenging itself and educators across the nation to
improve energy education for learners of all ages (DOE 2012). “Lessons learned in the
home last the longest” is a popular quote from religious leader Thomas S. Monson. It
should not be taken as coincidence that many educational efforts to increase Energy
Literacy are centered on the home. For example, the Gulf of Maine Research Institute’s
PowerHouse directly engages students in math and science learning by sharing a variety
of curriculum on energy (GRMI, 2016). Maine is capitalizing on its growing network of
smart electrical meters to allow students and their families to investigate their energy use
and come up with climate and budget saving solutions.
Activities such as PowerHouse’s “Appliance Sort” align to the common core
math practice standards showcasing both a home’s ability to be an educational tool and
also Energy Literacy’s connection to math literacy. The genius of this program is rooted
in the role parents have in a child’s math education. It is important to understand that
parents do not need to be energy experts to contribute to their child’s energy education.
As with math, it is more important to provide parents the opportunity to motivate and
monitor their child’s Energy Literacy than to expect parents to be content advisors (Cai,
1997). Traditional homework related to energy would not engage a parent the way an
interactive energy investigation would.
Energy literacy is not a focus of traditional education
Newly created national science standards suggest that formal educators provide
students lessons on energy as early as kindergarten (Next Generation Science Standards
[NGSC], 2013). Yet, as stated previously, Energy Literacy still needs great improvement
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(DOE, 2012). While “energy” is considered a physical science topic, “energy and matter
in systems” is one of the seven crosscutting concepts that crosses into the life sciences,
and Earth and space sciences throughout K–12 curriculum. With the new standards, and a
new development in Energy Literacy assessment (Dewaters & Powers, 2013), we will
have to wait to see if the changes to K–12 education improve Energy Literacy.
While studies show energy awareness starts at a young age (Zografakis,
Menegaki, & Tsagarakis, 2008), even students pursuing what I call “energy specialized”
careers are not required to be energy literate. Engineers and architects are two types of
professionals who specifically need to be energy literate, but the word “energy” is only
mentioned a few times in the national accrediting criteria of either (ABET, 2016;
National Council of Architectural Registration Boards, 2014). My study is focused on the
lay audience, but the implications of my findings will be useful for energy specialists as
well.
Outside of architecture, and a few other engineering design fields, most
curriculums do not even attempt to prepare a person to judicially use and shape their built
environment. Without this background, users are at the mercy of designers to learn
implicit lessons of how buildings should function (Janda, 2011). While most people will
not become design professionals, mostly everyone’s quality of life is influenced by his or
her interactions with energy-manipulating infrastructure systems.
Currently, many buildings are unintentionally designed to teach negative
misconceptions about energy, such as the idea that energy is cheap and abundant (Orr,
1997). In contrast, this study uses energy-efficient homes to investigate embedded
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lessons that improve Energy Literacy. That being said, the energy lessons embedded into
the design of a building should not be reserved only to architecture and engineering
students. The common occupant of an energy-efficient home should be influenced by the
home’s design in order to make informed energy decisions.
Solving energy issues will require innovation from architects and engineers that is
demanded by the public. While technological advancements will be key, Canon 3 of the
American Society of Civil Engineering code of ethics clearly defines the civil engineer’s
role in extending public knowledge of engineering and sustainable development.
Furthermore the Canon states that it is unethical for a civil engineer to participate in the
dissemination of untrue, unfair, or exaggerated statements regarding engineering (ASCE,
2006). Thus, engineers should not allow for infrastructure to be designed that teaches the
general population misconceptions about energy.
An informed public, which is capable of consciously demanding sustainable
infrastructure, is essential for the necessary policy changes and market shifts to occur
(Sovacool, 2009). Historical occurrences clearly show the instability in national energy
policy and behaviors. For example, if the White House had to meet the guidelines for
new federal construction (ISWG, 2008) (The Council on Environmental Quality, 2016),
i.e., renewable clean energy, President Obama would not have had to reinstall solar
panels, seven years after the guidelines on them were created. Obama’s solar installation
occurred 34 years after engineer and President Jimmy Carter originally installed solar
panels at the White House for hot water, which were later removed by President Regan
(President Bush installed two solar thermal heaters in 2003 to heat the White House
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swimming pool (Murse, 2015)). Improving Energy Literacy will be necessary for both
grassroots and top-down policy changes.

This study focused on five essential concepts of Energy Literacy concepts
Energy Literacy: Essential Principles and Fundamental Concepts for Energy
Education is a Department of Energy developed guide for Energy Literacy. Energy
Literacy outlines seven “essential principles” and a set of 50 “fundamental concepts” to
support each principle. The guide is not intended to identify all areas of energy
understanding but rather to focus on those that are essential for all citizens. It presents
energy concepts that, if understood and applied, will help individuals and communities
make informed energy decisions.
Over 20 recognized educational partners, and 13 federal agencies that comprise
the U.S. Global Change Research Program Partner agencies, collaborated to create the
Energy Literacy guide. The creators of Energy Literacy utilized public listening sessions
and thousands of experts from diverse fields of study to decide what an energy literate
person should know and understand.
The Department of Energy has been clear about the necessity of using an
interdisciplinary approach when dealing with Energy Literacy. Their Energy Literacy
guide considers Energy Literacy from both the natural science and social science
perspectives. A research study and curriculum, designed using Energy Literacy, should
be interdisciplinary and use a systems-based approach to fully appreciate the
complexities of energy issues. An energy literate individual will have an understanding of
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the relation that civics, history, economics, sociology, psychology, politics, science,
technology, engineering, and mathematics have with energy.
Selected from a list of 50, the five DOE energy concepts (DOE, 2012) highlighted
for this study were chosen for their explicit applicability to everyday life. Using my
understanding of each, I evaluated the potential for these concepts to be exemplified in
the home and used in a person’s energy decision-making. There is a great deal of overlap
between the concepts, and, with societal Energy Literacy being low, a mixed methods
approach provided the best opportunity to collect multiple sources of data that would
illicit clear examples of a person’s learning, sharing, and application of concepts they
may only partially understand.
The Energy Literacy principals and concepts discussed in this study are defined as
follows (DOE 2012).

Principal 4: Various sources of energy can be used to power human activities, and often
this energy must be transferred from source to destination.
4.2 Human use of energy is subject to limits and constraints: Industry, transportation,
urban development, agriculture, and most other human activities are closely tied to the
amount and kind of energy available. The availability of energy resources is constrained
by the distribution of natural resources, availability of affordable technologies,
socioeconomic policies, and socioeconomic status.
4.5 Electricity is generated in multiple ways: When a magnet moves or magnetic field
changes relative to a coil of wire, electrons are induced to flow in the wire. Most human
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generation of electricity happens in this way. Electrons also can be induced to flow
through direct interaction with light particles; this is the basis upon which a solar cell
operates. Other means of generating electricity include electrochemical, piezoelectric,
and thermoelectric.

Principal 6: The amount of energy used by society depends on many factors.
6.2 Conservation is one way to manage energy resources: Conservation includes
reducing wasteful energy use, using energy for a given purpose more efficiently, making
strategic choices as to sources of energy, and reducing energy use altogether.
6.5 Social and technological innovations affect the amount of energy used by society:
The amount of energy society uses per capita or in total can be decreased. Decreases can
happen as a result of technological or social innovation and change. Decreased use of
energy does not necessarily equate to decreased quality of life. In many cases it will be
associated with increased quality of life in the form of increased economic and national
security, reduced environmental risks, and monetary savings.
6.8 Energy use can be calculated and monitored: An individual, organization, or
government can monitor, measure, and control energy use in many ways. Understanding
utility costs, knowing where consumer goods and food come from, and understanding
energy efficiency as it relates to home, work, and transportation are essential to this
process.
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These Energy Literacy concepts were used in combination with the educational theories
previously discussed to make the conceptual framework shown in Figure 1 below. This
study is bound by the competencies selected and the limits of my case study design (Yin,
2009) (Miles et. al, 2013).

Figure 1: How	
  Energy Literacy can be influenced through interaction with energy efficient home design.

*Sticky ideas (Heath & Heath, 2008) are discussed in the preceding literature
review.
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CHAPTER THREE
CASE STUDY METHODOLOGY
To investigate how interaction with energy efficient homes influences Energy
Literacy, I conducted an exploratory multiple case study and an explanation building on
cross-case analysis. People’s interactions with today’s high-efficiency homes are
contemporary events in which I have little to no control over. The case study method
allows me to research this type of phenomenon with its procedures for rigorously
incorporating observation, interviews, and other data collection methods into one study
(Yin, 2009). The case study approach is also appropriate because interactions with a
high-efficiency home are not the sole influence on a person’s Energy Literacy; the
boundaries between phenomenon and context are not clearly evident (Yin, 2009). Finally,
the case study approach also aligns with my desire to develop a foundational and
complimentary study to guide future experimental work.
Cases were selected to study a variation of home design features and personal
motivations to interact with the home
Cases were selected particularly to study a variation of home design features and
personal motivation to interact with the home. In this exploratory study, it was essential
that I varied the type of home occupant to study a wide view of situations that may
present themselves so that the implications of this study properly guide future work. Each
case varies the motivation of the participants to span the spectrum of teachers and
learners in society—from highly motivated to resistant yet receptive.
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Case Study 1: Peggy’s House Energy Star rated affordable demonstration home
The occupants in Peggy’s house are motivated to live in a high-efficiency home
mostly by the opportunity to teach energy concepts to the public, especially those in
nearby areas with less efficient homes. Seven of this study’s 10 interview participants
were selected to explore their interactions with Peggy’s House. Three of the participants
were occupants of Peggy’s House, and four participants were visitors.
Peggy’s House is an Energy Star rated—high efficiency—affordable home in a
low-income neighborhood of Greenville, South Carolina. The home was built in 2014 by
SustainabilityInc to model sustainable living. SustainabilityInc and more than 35 other
partners use Peggy’s house as a platform to better the lives in the surrounding
community. Peggy’s House is approximately 1500 square feet and estimated to cost
$100k–$109k. Peggy’s House is a two-bedroom home with two full bathrooms, a
finished basement, and a sustainable landscape featuring edible vegetation, bio-swales, a
chicken coup, and permeable pavers.
A major collaborator of SustainabilityInc is a large church located on the property
directly across the river behind the property. It is important to note that the church
sponsors various activities in the community, but the majority of community members
who live next to Peggy’s House attend a smaller church in the community. The river acts
as a segregating boundary between two communities that have contrasting socioeconomic
statuses. SustainabilityInc and its partners are trying to use the home to connect the two
communities.
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Peggy’s House features structurally insulated panels (SIPs), prefabricated
concrete-form basement walls, optimized roof overhangs, light-colored metal roofing,
light color paint on exterior and interior walls, a tight envelope, high-efficiency argonfilled windows, compact optimized floor plan designed for cross ventilation, vaulted
living room with ceiling fan, wood pellet stove in the living room, recycled (salvaged)
wood floors, recycled countertops in the kitchen, Energy Star appliances, energy monitor,
high-efficiency HVAC system, high-efficiency hot water heater, dual flush toilet in
basement, finished concrete floor in basement, a chicken coop, edible landscaping, bioswales, recycled glass concrete benches, and a small solar panel on top of a utility shed.
Peggy’s House was constructed with the help of the community. Community
volunteers helped SustainabilityInc clean the previously run down site and retrofit the
neighboring home with a variety of efficiency upgrades. Peggy’s House coordinators
reached out to the community on a regular basis to inform them about the project and
invite them to help out with the process.
Below are pictures of Peggy’s House and some of its energy-efficient design
features.

Figure	
  2:	
  Exterior	
  of	
  Peggy’s	
  House
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Figure	
  3:	
  Recycled	
  materials

Figure	
  4:	
  Energy-‐efficient	
  doors
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Figure	
  5:	
  Energy-‐efficient	
  windows

Figure	
  4:	
  Wood	
  pellet	
  stove
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Figure	
  7:	
  Programmable	
  thermostat

Figure	
  8:	
  Ted	
  Home	
  Pro	
  energy	
  m onitor
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Figure	
  9:	
  Traditional	
  circuit	
  breaker	
  with	
  monitoring	
  upgrade

Seven participants were interviewed in regards to their interactions at Peggy’s
house. All observations of Peggy’s house occupants or visitors occurred at Peggy’s house
during a private tour given by home occupants, or a social event held by Shalon, one of
Peggy’s house’s occupants. I suggested that participants allow me to conduct my
interviews at Peggy’s house to aid their ability to discuss and recall their thoughts about
their experiences at Peggy’s House.
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Interviews with Peggy’s house occupants occurred inside of Peggy’s house, while
interviews with Peggy’s house visitors occurred at a local library (participant preference).
Visitors Wesley and Julie are exceptions to this. Wesley was interviewed at his home
(participant preference), which influenced and boosted his abilities to talk about his own
home during the interview. Julie was interviewed at Peggy’s House.
Cathy
Cathy was the first Peggy’s House occupant I had the opportunity to interview
about her interactions with the home. She was the successor of the first SustainabilityInc
coordinator I had the opportunity to communicate with about the not yet completed
Peggy’s House project. The first coordinator was the point of contact I had with
SustainabilityInc after identifying the project on the web and contacting the later
mentioned Wesley, founder of SustainabilityInc. This individual was not interviewed for
this study because he switched roles at SustainabilityInc before Peggy’s House was
completed.
Cathy and I first met after I was given permission from Wesley to install a Ted
Pro Home Energy monitoring device in the home and begin my study of the home.
During my installation, Cathy remained engaged. She watched and aided me by
providing me the location to set up the device and access to their computer and wireless
network. I interviewed Cathy two months into her stay at Peggy’s House. She was still
getting accustomed to her new surrounding but seemed knowledgeable about the home’s
design.
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Cathy has a bachelor of science in architecture from a public research institution
in the Midwest but stated her understanding of energy was very basic. Cathy is also a
certified holistic nutrition consultant. Cathy was hired by SustainabilityInc to be a
Peggy’s House coordinator due to her passion for healthy nutrition and energy efficiency.
During her interview, it was clear that Cathy had a huge preference for utilizing passive
design and had little interest in more technical active energy systems. In one of our last
conversations, Cathy told me she was leaving SustainabilityInc to pursue a career as a
nutritionist.
Speaking with Wesley after Cathy’s departure from the company and program, I
was informed that Cathy had issues in her role as coordinator due to the socializing
requirements. Cathy was from the northeast of the United States and struggled to become
a part of the community to the depth necessary to do her job at Peggy’s House. I failed
multiple times in getting Cathy to hold a social event at Peggy’s House to allow me to
observe her and her friend’s interactions with Peggy’s House. After a few months in the
position Cathy left her position at SustainabilityInc.
Cathy defined energy in a variety of ways:
“Energy is a unit of heat that is produced by you, I guess it’s like the more
scientific term … Energy is the amount of … electricity that’s used by clients. It could be
the amount of heat that’s produced by a human. So I mean, there’s different definitions of
energy. So when you’re applying it to a home I think it’s the amount of electricity that’s
being used … Somewhat. Somewhat from like a sustainability aspect. It’s not the same, of
course, like if you were saying, you know, a person has a lot of energy … I think of it as
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more of like a unit of like a way that measures something ... So you’re using this much,
this appliance is using this much energy. Or it’s producing this much energy …
Measuring like how much electricity is being used, how much electricity, um, is being
used for a light fixture.”
Shalon
Hired initially to be Cathy’s assistant coordinator, Shalon was brought in for her
knowledge of the community. Shalon was raised in the same community Peggy’s House
is built in, but left after graduating a liberal arts master’s university with a degree in
business with a concentration in marketing. Before working with SustainabilityInc, Salon
worked in retail management. Shalon was clear that she had no experience with
sustainability and believed she had a basic understanding of energy. She was interested in
learning more and felt like she could play an important role in teaching the community.
Shalon was interviewed four months into her stay at Peggy’s House. At this point
in time, Shalon was the assistant coordinator at Peggy’s House, working as an apprentice
for Cathy to learn more about sustainability. Shalon consistently second guessed her
ability to teach the community about sustainability due to her lack of knowledge but
showed significant effort toward improving her communication abilities and content
knowledge throughout the length of my study. Shalon became the Peggy’s House
coordinator after Cathy moved on to pursue a career in nutrition.
Shalon showed interest in the energy monitor I installed into the home but
admitted to not using it often. She attributed her minimal use of the monitor to a lack of
understanding and to the house’s efficient design. With such an efficient home and
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lifestyle, the Shalon easily met SustainabilityInc’s energy use goals, making it less
necessary for Shalon to track her usage. Shalon forgot to show the energy monitor at one
exhibition but over time began to remember and even presented about the device on her
own.
When asked to define energy, Shalon responded with the following:
“Energy, energy. That is bad because I can’t think of anything. Like I know it,
clearly I know what energy is but I can’t think of it … Like power, force, um, elements. I
don’t know, too, about that … forces. I don’t know … Um. Substances used to produce, I
don’t know, elements used to produce? … I’m going to say lighting or heat or use
cooling, I don’t know. But that’s still not really a definition. Maybe there’s a definition
like that.”
Patty
Hired during her final semester of a sustainability science program at a private
liberal arts college, Patty was hired by SustainabilityInc to be the Peggy’s House assistant
coordinator due to her expertise in sustainability. Patty has previously lived in sustainable
communities and has had a passion for sustainability since high school. During her time
at an ecovillage in the southeast of the United States, Patty conducted research on
intention communities and permaculture design. Patty is serving in the Peggy’s House
assistant coordinator role to learn more about the community. With the help of Shalon,
Patty will engage with the community and eventually transition into the coordinator role
after Salon’s term is over in the rotating position.
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Patty was selected to investigate her unique experiences as a home occupant of
Peggy’s House. During her interview, she admitted to having a strong understanding of
sustainability, but her understanding of energy was limited to textbook definitions of
systems. Her real world understanding of energy’s role in her life was described as a
“semblance.”
Patty’s provided an interesting dialogue when asked to define energy (see the
transcript excerpt below):
“I’m just thinking about electron movement. I’m like, oh, when you’ve created
energy through tension with electrons and getting them to move. On a larger scale,
you’re talking about actual people.”

Interviewer (me): No, that’s fine. If you hear the word “energy” in a conversation
or on TV or whatever, if that’s what you think about then that’s what you think about.

“If I was going to define “energy,” the base place where we’d go is when you’re
talking about atoms and electrons, because that’s the base, to me, of where all the energy
interactions we have are. Energy, on a much larger scale, energy is the, I guess, means
by which we ... because electrical current, but you can have other types of energy, like
heat energy. Heat, electrical energy, I’m trying to think if there are any other types of
energy. You probably know.”
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Interviewer (me): It’s up to you. I want to know what you think. You were also
saying, “It’s the means by which we ... ” and then you just ...

“Yeah, I don’t know, it’s the means by which a lot of our technology works. I was
thinking of going with electrical energy on that, but I was like, no, there’s also heat
energy. The means by which we power our electrical things. Energy can be converted
into our beautiful electricity, and electricity is the means by which twenty-first century
life exists right now, which is pathetic but that’s what it is. Energy is what industrialized
nations rely on, but we could even just get energy from food. The way we see energy now
is, it’s necessary for our society to exist, to continue to grow, in order for the economy to
grow. The way that we have structured it, you have to have more energy.”

Dennis
Dennis is a friend and previous co-worker of Shalon’s from her previous job in
retail. Dennis is a graduate of a high school in a neighboring county near Greenville.
Dennis was selected for the study after observing his outgoing personality and knowledge
about the home at the social event Shalon allowed me to observe. Before interviewing
Dennis, his gestures and discussions of home features made it seem like he had visited
Peggy’s House multiple times. When people asked questions about the home, Dennis
would sometimes answer before Shalon.
After interviewing Dennis, it was revealed that the social event Shalon allowed
me to observe was only his second time at the home, and he just pays attention to his
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surroundings. Dennis also stated that, when Shalon speaks about her experiences at
Peggy’s House, he remembers it. Dennis does not consider himself an energy expert. He
thinks that most of his knowledge related to energy and sustainability comes from a high
school agriculture program he participated in.
When asked to define energy, Dennis responded as follows:
“I guess, something to use like electricity, I’m sure that’s the standard you get. I
mean, it’s just a broad term. There’s just so much involved with it, like electricity you can
use it as that. But there’s probably some more meanings to it … I mean energy powers
things. You’d have to have energy to power your car, your home. Your body needs energy
like food and stuff like that.”

Dana
Dana is a friend of Salon’s who worked part time at the retail store Shalon worked
at before becoming the Peggy’s House assistant coordinator. Dana studied education at a
private research university and is a full-time librarian. Dana was interviewed as the
second interview from the social event Shalon held. Dana was selected because, during
the social event, she showed particular interest in the wood pellet stove and site layout
plan by touching the two and asking Shalon multiple questions about various aspects of
the home. During her interview, she was very eager to tell me the right answer, but after
frequent reminders that everything she said was right she became more and more
comfortable with just speaking freely.
Dana defined energy with the following statement:
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“The combustion, using a pulling force, a pulling and pushing activity that would
generate power … That it’s going to have to be a pulling and pushing force.”
Wesley
The founder/director of SustainabilityInc and developer of the Peggy’s House
project, Wesley has made it clear about his interest in sustainability. Wesley has a
chemical engineering degree and MBA from a public land grant university and considers
himself educated in the fields of energy and sustainability.
Wesley was interviewed for his unique role as an impactful sustainability
advocate. He is not sure about being an expert in energy, but admits to spending years
independently studying sustainability and the role energy plays in sustaining our planet.
He remembers basic energy concepts related to circuits, and other energy-related topics
in his engineering curriculum, but he does not feel that makes him an expert.
Wesley was not an occupant of Peggy’s House but has spent a great deal of time
working in the home from its construction to working multiple events in the home.
Wesley was interviewed approximately a year after the home’s completion. In addition to
the year of physical interaction Wesley experienced with the home, it is important to note
that Wesley was involved during the design and construction process of the Peggy’s
House project.
Wesley first came up with the idea for the Peggy’s House project; as a result, he
was forced to create SustainabilityInc to make the project feasible. The Peggy’s House
Project was designed to be a model for other people to follow. He is a firm believer that
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people need to see sustainability in relatable and easily applicable ways for them to make
lifestyle changes.
Wesley provided an insightful definition of energy:
“Energy is the force that gives power to be able to drive things effectively.
Energy, if you look at our economy energy drives everything. It drives politics, it drives
abilities, people’s quality of life. Our ability to use energy is obviously critical as I talked
about before as far as our ability to live on the earth. It drives all that. For me, energy is
one of the critical pieces because it plays into food, it plays into everything.”

Julie
Currently the Peggy’s House intern, Julie, was interviewed for her particular
interest in using Peggy’s House to help the people in the neighboring community. As a
community member, Julie represented an important part of the Peggy’s House project.
Julie lives in a neighboring home and was heavily affected by the Peggy’s House project.
Julie was interviewed a year after Peggy’s House was completed in her neighborhood.
Prior to our interview, I had interacted with Julie at multiple volunteer activities at
Peggy’s House. When I finally got a chance to talk to Julie about her interest in the
project, she revealed a strong interest in learning and capitalized on as many
opportunities as she could to learn more about the project. Julie has an interesting
educational background: she represents a life-long learner who likes to close gaps in her
knowledge. Julie credits a lot of her learning to educational TV programs and her own
curiosity. Currently Julie is studying online to obtain a bachelor of science in business
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with a specialty in healthcare management. During her interview, Julie stated “my
passion is with health, it ties in with sustainability … you have to be sustainable yourself
and (with) things around you so everything lives healthy.”
Julie’s definition of energy showcased her broad understanding of the term:
“That’s kind of broad to say because energy is ... We can see energy, like through
electricity and stuff, but gas is an energy that we can’t see. Energy is something that we
can see, touch and smell. Then there’s other energies that we can only just see and we
know that it’s energy. It’s kind of hard to explain it. It’s not a tangible, energy is not
always a tangible ... That’s the word I’m looking for. It’s not always tangible type of
thing. I think we want only energy that’s tangible that what we see, but there’s also
energies that’s, like I said, that’s way down in the core where core energy’s always doing
something.”

Case study two: Energy retrofit homes
Case study two was three retrofitted homes with occupants motivated to live in
their homes for the traditional reasons of affordability, location, and architectural design.
Outside of participating in a home weatherization program for low-income homeowners,
the inhabitants in these homes have shown no extraordinary motivation to be Energy
Literacy advocates.
The retrofit homes used as cases in this study were selected through collaboration
with a local university’s weatherization program. This program weatherizes and provides
free efficiency improvements to homes with low-income inhabitants. While every
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weatherization project was different, all of the homes were provided improved insulation,
sealing (caulking) around windows, doors, and HVAC vents. Three homes and
homeowners were selected with varying sizes and type of inhabitants.

Sue
Sue, an elderly black female, was selected due to living in an older home that
underwent an extreme weatherization, needing a completely new central HVAC system
installation. Sue stated that her home underwent a blower door test as a part of its
weatherization. Sue’s home was weatherize approximately a year before our interview.
Her parents built this house in 1955, and she plans on passing it through the family. Sue
also stated that her two grandsons live with her, whose ages I estimate to be of college
age, based on Sue’s description of their job hours and college interests. Sue’s home 1000square-foot home is approximately valued at $50k.
Sue’s definition of energy showcased an applied understanding of energy:
“My light bill … And it goes up. Yeah … The light bill, pay the use of your light
bulbs, you know, trying to use this, what’s it, CLF or whatever, the best consumer light
bulbs … I try to have them all through my house … That’s about it for me.”

Figure 10: Sue’s retrofitted home
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Melissa
Melissa was selected due to her larger home, which received an involved
weatherization, and her young family, including construction worker husband. Melissa’s
home was weatherize approximately a year before our interview. The weatherization
included improved insulation, sealing of HVAC ductwork, and vapor barrier being placed
in the home’s crawlspace. During the interview, Melissa stated that her father was her
high school science teacher, and she does not believe that she is a science person.
Nevertheless, Melissa provided a clear and concise definition of energy:
“I would say energy is what. It’s what makes our house functional … The
electricity and the gas, air”

Figure 11: Melissa’s retrofitted home

Kay
Kay was selected due to being a single elderly home occupant with a fixed utility
bill. Kay’s home underwent a weatherization that consisted of blow-in attic insulation, an
improved seal on the attic access, a vapor barrier in the basement, a new HVAC system,
and a chimney seal for the fireplace.
Kay was not really sure about how to describe energy:
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“Ah, well, I have a lot of energy sometimes, but it’s just, I don’t know. I really
don’t guess I really have a word to describe it. I think about, you know, saving, saving,
you know, energy, you’re not being very wasteful. Like I recycle … And you know, stuff
like that. It helps the environment. I don’t really know how to describe it.”

Figure 12: Kay’s retrofitted home

Data collection followed a “qual–quant–Qual” mixed methods approach
This study followed a qual-quan->Qual mixed methods approach, as shown in
Figure 13. For each case study, I combined the qualitative and quantitative data collection
and analysis methods (Creswell, 2012; Yin, 2009) shown below in Figure 14 and Table 2.

Figure 13: Mixed methods approach
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Figure 14: Data collection cycle
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Survey
I developed a survey, piloted at the 2013 Solar Decathlon, asking net-zero energy
home visitors to report the potential for the homes they interacted with to affect their
learning, sharing, and application of the DOE concepts selected for this study. The closed
ended survey used Likert scales to assess participants’ beliefs about energy-efficient
homes education potential and personal sharing tendencies. The survey is provided in the
appendences. With the DOE concepts being abstract to many, I have slightly refined the
wording of the DOE concepts on the survey to stay true to their meaning but be better
understood by study participants.
As shown in Figure 14, study participants were surveyed before their interviews.
The quantitative data provided by this survey guided my interview protocols, providing a
personalized entry point for the conversational semi-structured interviews. The survey
data were also used to aid in interview participant selection. Interview participants were
selected in an attempt to explore a variety of interest in homes and energy concepts.

Observe
Through observation using field notes, I saw directly how participants appeared to
be learning, sharing, and applying DOE energy concepts. Learning, sharing, and applying
were operationalized in many ways (see Table 1 below for more information). Interaction
with specific design aspects of the home will be noted for their level of occupant interest
and potential to assist in improving Energy Literacy.
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Observations at different events represented a spectrum of opportunities people
have to interact with a high-efficiency home. Home occupants of Peggy’s House were
asked to provide me with a tour of their home, showcasing its energy-efficient design
aspects. The retrofit home participants were not asked to provide me with a tour of their
homes because most of the aspects of their weatherizations are hidden behind walls or in
difficult to access places such as attics. Peggy’s House participants were also observed at
a social event held by Shalon. This event included Shalon and six of her friends. Two of
her friends, Dennis and Dana, were selected to be interviewed as a result of their
observed behaviors and survey results.
Observation field notes were coded using the DOE Energy Literacy concepts as a
priori codes, but the data analysis was inconclusive. This was not a problem because the
observation method was strategically used to inform the interview protocol, not answer
the research questions as a standalone method.

Table 1 Operationalization of constructs

Construct:

Learning

Sharing

Applying

Operationalized as
observation of explicit interest in home feature related to energy
concepts (touch, stare, question, compare, take note of, photograph,
etc.), survey responses on perceived educational potential of home,
interview responses of learning experiences
observation of in home communication such as methods of
instruction used by home owner, verbal conversation at home, selfreported communication outside of home (conversation, social
media post, advocacy), interview responses on sharing preferences
self-reported behavioral changes such as energy consumption habits
(light use, transportation methods, home climate control, laundry,
product purchasing, etc.)
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Mixing methods with stackable data
Data collected from observations and surveys served as a guide for my interview
questions. Pre-made protocols were used for qualitative data collection methods, with the
understanding that exploratory study research protocols must be malleable (Yin, 2009).
In-between data collection periods (shown below in Figure 14 by a star), protocols were
iterated for improvement. Previous research in the area served as a guide, but there is
much to learn about studying this subject. To increase the transferability of this
exploratory and ethnographic in nature study, a cross-case synthesis, using explanation
building pattern matching, was conducted to find patterns in the data across the different
case studies, types of people, and home features.
Table 2: Summary of data collection and analysis methods

Data Collection and Analysis Management
Survey
Observe
Interview
Unit of
occupants and
occupants and visitors
occupants and visitors
analysis
visitors
Data
quantitative beliefs
qualitative in situ
qualitative
Collected
of:
examinations of:
explanations of:
potential for home
cognitive process
Learning
home feature/concept interest
to teach
related to energy
options for sharing
methods for knowledge
information transfer to
Sharing
knowledge
transfer and dispersion
social network
perceived impact on
energy related occupant
motivations for energy
Applying energy related
behaviors
related behaviors
behaviors
a priori coding and
descriptive statistics
Analysis
a priori coding to inform
pattern coding resulted
to inform interview
method
interview protocol
in the cross case
protocol
analysis
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Interview
Semi-structured interviews provided a deeper understanding of how occupants
and visitors of my case study homes learn, share, and apply energy concepts in their lives.
Inferences made from observation and survey data were addressed in interviews to reduce
the reliance on the observer’s assumptions. For example, I asked visitors how they
learned about energy by being in the home and why specific features/design aspects were
more educational than others. Using standardized interview protocols helped to reduce
excessive amounts of participant reflexivity and allowed for me to evaluate how my
presence influences participant responses during interviews (Maxwell, 2012).
Participants for visitor interviews were selected via observed interest, surveyed
beliefs, home occupant referral, and voluntary cooperation. Interviews complemented
observations by allowing me to study situations impractical for me to physically
experience. It was not practical for me to live with and observe the wide range of
research participants in this study, but, by using the interview method, I was able gain
access to the observations of others.
Through interviewing, I was able to study the behaviors of many, thus allowing
me to research the experiences of different types of high-efficiency home occupants and
visitors. Using interviews, I was able to theoretically hop through space and time asking
participants how they behaved before viewing the home and how they have or plan to
change their behaviors after their experience with the home (Maxwell, 2012).
As a qualitative study incorporating observations and interviews, recognizing my
influence on participants (reactivity) and my reflexivity was essential to justifying my
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results. With my study being conducted in a natural setting, my influence on participants’
behavior should be considered much less influential than the influence of the home
(Maxwell, 2012; Becker, 1970).
Using the DOE Energy Literacy concepts as a priori codes, I initially analyzed
the transcribed interviews and observation field notes. After the first cycle of coding
occurred, my second cycle of analysis looked for pattern codes relating to Energy
Literacy concepts, operationalized learning, sharing, and applying, types of interaction
with design features, varying degrees of concept understanding, constructivist learning
processes, modes of sharing, and behaviors related to applying the knowledge gained.

Addressing Research Quality
To address research quality, I created a quality management model adapted from
the Q3 framework (Walther & Sochaka, 2014). The Q3 framework guided me in
addressing theoretical validation, procedural validation, communicative validation,
pragmatic validation, and process reliability. Below, I have exemplified some of the
strategies used along with Q3 framework to guide my research design.

Observations
•

Accounting for observer’s level of interference

•

Observing before the event, iterative protocols

•

Use of direct quotes and objective descriptions

•

Triangulation with interviews and surveys

46

Interviews
•

Built rapport with home occupants and methodically asked for assistance in
selecting visitors for interviews

•

Inter rater comparison of thematic codes

•

Use of iterative protocols stemming from observations and survey results

•

Interview training/practice maximized the use of good questions such as
hypothetical, devil’s advocate, ideal position, and interpretive questions

•

Use of direct quotes and objective descriptions allowing for the interviewee to
describe their own thoughts

Surveys
•

Face validity: focus groups with research group and interviews with individuals
from the study population provided insights towards creating a valid instrument.

•

Content validity: focus groups and interviews with research group and individuals
from the population being studied. I also set boundaries to allow for analysis to
focus on research questions.

Multiple Cases
•

Compare the cases looking for stability between survey results transcription codes

•

Staying away from making generalizable and evaluative claims on populations,
the emphasis of my case study research is to create transferrable theories

Theoretical validation was addressed while “making the data” using a specific
Energy Literacy framework and a data collection protocol, which required study
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participants to genuinely express experiences related to their understanding of concepts.
When “handling the data,” I grounded the descriptive codes in the Energy Literacy
framework and allowed pattern codes to emerge from the data. This process was
necessary to provide the flexibility required to study such a complex reality in a
scientifically appropriate manner.
Procedural validation was addressed while “making the data” using strategies to
mitigate threats to methods utilized in this study. Survey and observation data informed
my interview protocol to increase data quality. The explicit structural connection between
the high-efficiency home survey, in-home field observation protocol, and interview
protocol improved my ability to notice issues with data collection methods.
By using survey responses personalize interview protocols improved the fit
between the theory and reality we investigated. Standardized open-ended question
followed by prompts from the survey responses. “Please provide me an example of how
this home is effective at teaching that energy can be calculated and monitored.”
When “handling the data,” verbatim transcript data and interdependent parallel
coding were utilized to further address procedural validation. Additionally, advice from
external researchers with expertise in the theoretical and methodological aspects of the
project was utilized.
Communicative validation was addressed while “making the data” by framing
questions to avoid energy jargon. My goal with my interview protocol was to ensure that
participants authentically constructed their own meanings. I repeatedly verified if
interviews obtained authentic dialogue, thus ensuring that the reality of experience of all
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interviewees came forward. During interviews, I reassured study participants that they
could speak freely and that all answers were “correct.” I responded to misinterpretations
of energy the same as scientifically supported understandings of energy. Before
collecting data, I examined the possible occurrence of my own personal bias.
While “handling the data,” communicative validation was addressed with a
variety of strategies. During the analysis of each transcript, I listened to voice recordings
of each participant. Listening ensured that we could “hear” the participants’ voices as we
handled the data, reassuring us that, although we were no longer talking to them, we
adhered close to their meaning and close to the data, as we shifted audiences to the
research community for transparency.
Using DOE Energy Literacy concepts is one example of my efforts to use
language consistent with the customs of the research community. During the
communication of study findings, I also continuously revisit verbatim transcripts and use
illustrative quotes from participants. My whole study is designed to carefully establish
findings closely tied to my original research question and theoretical considerations of
learning, sharing, and applying Energy Literacy concepts. Throughout the research
process, raw transcript data were presented to outside experts to validate differences in
“the telling” and “the told.”
Pragmatic validation was addressed while “making the data” first by the use of a
mixed methods approach, which provided an enhanced understanding that could not be
achieved with one method alone. Furthermore, I examined the theoretical constructs
brought to the study and generated from the study. I ensured that my assumption that an
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individual’s Energy Literacy was effected by interaction with home design by requiring
participants to come up with their own examples of learning. Survey data and questions
requiring specific explanation of sharing and applying addressed my assumption that
people would act on their knowledge on energy.
The true pragmatic validation relating to the “handling the data” will come as a
result of publication of my findings and future studies, which test their transferability.
When findings are reintroduced into a similar reality, will other researchers be able to see
if they hold up? Deeper insights about Energy Literacy will be created through
collaboration and a series of related studies.
Processes in this study were evaluated for their reliability. Process reliability was
address while “making the data” with a variety of methods. I checked and corrected the
professional transcripts while listening to the recordings. Random influences were
minimized through the variety of processes listed above. Interviews were conducted in
the case study homes and settings comfortable for participants. By recording and utilizing
professional transcriptionists, I was able to take notes during the interview of body
gestures and other situational occurrences that the audio may not be able to fully capture.
While “handling the data,” process reliability was addressed by comparing my
interpretations of interview data to survey answers and observations throughout the data
analysis. Memos were created and discussed with my research collaborators throughout
the process. Research findings were discussed for their ability to be supported by the
data, their relevance to the research question, and their importance to the research
community.
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CHAPTER FOUR
Findings and Discussion
My research reveals ways that interaction with high efficiency homes can effect
understanding of the following Energy Literacy concepts: human use of energy is subject
to limits and constraints, conservation is one way to manage energy resources, electricity
is generated in multiple ways, social and technological innovations effect the amount of
energy used by society, and energy use can be calculated and monitored.
Examples from my case studies show how the at-home examples can make
lessons on energy more personally relevant, easy to understand, and applicable.
Specifically, I found that:
•
•
•
•
•
•
•
•
•
•
•

Home	
  occupants	
  learn	
  the	
  limits	
  of	
  energy	
  in	
  relation	
  to	
  the	
  concrete	
  and	
  
constricting	
  costs	
  associated	
  with	
  their	
  consumption.	
  
Heating	
  and	
  cooling	
  techniques	
  showcase	
  the	
  limits	
  and	
  constraints	
  on	
  
different	
  sources	
  of	
  energy.	
  
Relatable	
  systems	
  make	
  it	
  easier	
  to	
  understand	
  energy’s	
  limits	
  and	
  
constraints.	
  
Indistinct	
  and	
  distant	
  power	
  utilities	
  allow	
  consumers	
  to	
  overlook	
  the	
  root	
  of	
  
electricity	
  sources.	
  
Visible	
  examples	
  of	
  electricity	
  generation	
  systems	
  make	
  it	
  clear	
  that	
  
electricity	
  is	
  generated	
  in	
  multiple	
  ways.	
  
Small	
  and	
  interactive	
  may	
  mean	
  inefficient	
  electricity	
  generation,	
  but	
  
efficient	
  energy	
  education.	
  
Perceptions	
  of	
  expense	
  and	
  complexity	
  create	
  a	
  disconnect	
  between	
  
residential	
  energy	
  consumers	
  and	
  renewable	
  electricity	
  generation.	
  
Utility	
  bill	
  limits	
  and	
  constraints	
  exemplify	
  the	
  ability	
  to	
  conserve	
  energy	
  
resources.	
  
Replicable	
  examples	
  teach	
  lessons	
  on	
  conservation.	
  
Via	
  an	
  understanding	
  of	
  the	
  water-‐energy	
  nexus,	
  water	
  conservation	
  lessons	
  
transfer	
  to	
  energy	
  saving	
  lessons.	
  
Passive	
  design	
  exemplifies	
  how	
  a	
  shift	
  in	
  thinking	
  can	
  conserve	
  energy	
  
resources	
  through	
  informed	
  efficient	
  decision-‐making.	
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•
•
•
•
•
•
•
•
•

Societal	
  shifts	
  in	
  energy	
  consumption	
  are	
  evident	
  at	
  home.	
  
Efficient	
  homes	
  provide	
  applicable	
  examples	
  of	
  social	
  and	
  technological	
  
innovations.	
  
The	
  home	
  is	
  the	
  environment	
  in	
  which	
  memorable	
  lessons	
  on	
  energy	
  are	
  
passed	
  through	
  cultures.	
  
Home	
  energy	
  consumption	
  comparisons	
  are	
  a	
  popular	
  and	
  effective	
  social	
  
innovation,	
  but	
  people	
  have	
  mixed	
  emotions	
  about	
  their	
  usefulness.	
  
A	
  utility	
  bill	
  communicates	
  that	
  utility	
  companies	
  are	
  monitoring	
  energy	
  use	
  
to	
  calculate	
  cost.	
  
Interactivity	
  enhances	
  feedback	
  from	
  energy	
  monitors.	
  
Calculating	
  and	
  monitoring	
  energy	
  use	
  is	
  perceived	
  as	
  a	
  complex	
  
mathematical	
  process.	
  
Energy	
  consumption	
  feedback	
  at	
  the	
  appliance	
  level	
  is	
  desired	
  to	
  inform	
  
decisions.	
  
There	
  is	
  a	
  separation	
  between	
  personal	
  energy	
  monitoring	
  and	
  public	
  
monitoring.	
  

Findings related to the DOE Concept: Human use of energy is subject to limits and
constraints
Finding: Home occupants learn the limits of energy in relation to the concrete and
constricting costs associated with their consumption.
Utility bills and personal budgets require people to think about their monthly
personal energy use. While many have their own expectation of what an energy bill
should cost, most are poorly equipped to limit their energy consumption. When provided
an example of how to limit energy consumption to reasonable rates, people become much
more energy conscious and spend the extra money elsewhere.
Home occupants can be oblivious of the energy demanded with the flip of a
switch, but demanding money is usually a concrete and clearly understood cost to most
people. A home occupant will limit his or her energy consumption to consequently limit
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the amount paid to the utility. With money being the constraint, relatively cheap energy
and varying socioeconomic levels have allowed many Americans to consume energy at
unnecessarily high rates.
For example, Shalon explained on how her energy use at Peggy’s House is
constrained by finances:
“I feel like energy does have constraints. I mean if you think about it, as far as
cost, I realize that I’m trying to knock the bill under a certain amount so I guess that
would be a constraint”
Similar to Shalon, Melissa explained how her personal budget connects to her
energy use limits:
“Because you definitely, I mean you see a difference in your bills, you know, you
have such and such money coming in … and you only, you know, you don’t want to spend
all of it on just your energy that you need things, but there’s plenty of other things … like
you know, like we said already, it’s monitored on your bills and you can keep track and
see, okay, we can cut back in this way … So yeah, I think that it shows you that okay, we
can conserve in this place and it gives us more money over here to do this.”
And Dennis discussed how energy use awareness is required to keep a
manageable utility bill:
“I kind of agree, but again I disagree e... You can do whatever you want if you
want to pay a high power bill. But, to keep it low, you should probably be aware of what
you’re using and how much you’re using.”
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For Julie, the Peggy’s House project led her to be more conscious of making
energy consumption decisions by setting goals:
“Well, it helps me understand with them, basically, how they govern themselves.
They made up their mind that this is the different constraints that’s involved with how
they going to do and they try to stay within those basic guidelines of usage. I see that flow
with them and how they use the resources that’s available”
Finding: Heating and cooling techniques showcase the limits and constraints on
different sources of energy
Home occupants are engaged in the process of creating a comfortable thermal
environment. In general, people optimize temperature and humidity with expensive
HVAC systems, move air with fans or windows, and/or manipulate heat gain with
shading. All of these methods rely on limited and constrained energy sources. For
instance, heating systems can use clearly finite sources such as wood pellets and a
window unit air-conditioner can quickly raise an electricity bill beyond budget without
even cooling the whole house.
Thermal comfort is extremely important to productivity and happiness. By
designing a home that clearly describes the process of efficiently heating and cooling,
many will be exposed to important lessons on the options they have for manipulating
energy. Currently most heating and cooling options are designed to be overly simplistic,
and lessons are only learned when the system is malfunctioning. Less popular systems
such as wood pellet stoves show great educational potential through their interactive
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design, the need to actually load the fine fuel source (wood pellets), and notable feedback
(smoke, heat, sound).
For example, Julie explained how creating a comfortable indoor environment
exemplifies a residents’ energy limits and constraints:
“A lot of it has to do with how you circulate your air through the home so that
you can be comfortable in the home without using a whole lot of other different power
sources. Say, for instance, like using kerosene or using electric heaters and all these
other things is using resources that could be going to other things, a bigger something
that you using ... Sometime we blew up the grid. Especially in the summer time with the
air condition. We want to stay cool so everybody is blowing up the air conditioning and
stuff. Then, all of the sudden, it blows up the grid from where all the power’s coming
from because we’re all pulling from it.”
“Then, I have gas and I have the heat with gas because that’s with my furnace but
I don’t use my furnace because, like I said, gas is one of those resources that can go
through the ceiling if you don’t get a handle on it. You got to be modest. You can’t be
comfortable. You be comfortable, you’re going to pay on the back end a lot more. You
might not have that comfort next month if you can’t afford it.”
In a similar manner to Julie, Patty discussed her consideration of heating limits
and constraints related to the home’s wood pellet stove:
“I didn’t know about the wood pellet stove. I never knew about wood pellet until
coming to Peggy’s House, and I did a lot of research on the pellets because I had to find
them. It’s actually quite cost-effective to make your own pellet, so we have considered
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doing that as well. Because it’s a waste product, it’s really sustainable, so that was an
interesting layering. It’s energy efficient but then it’s also utilizing a waste byproduct.
That was cool. I’ve also considered how important it is when planning a home to plan
energy systems, because I am downstairs in the basement and it’s freezing, and this darn
wood stove is upstairs because they planned it as a one-level home. That’s frustrating …
It really is critical to think about how you’re heating. We need it to heat from the bottom
up.”
Furthermore, Wesley explained how the wood pellets in the home are a clear
example of the finite amount of natural (nonrenewable) energy resources:
“Using a house, I think if you think to what we’ve got over at Peggy’s House. Just
take the wood pellets for instance. You have a defined amount of wood pellets. We have
the same thing with coal and oil and so on. All those are natural resources. Yes, we have
more right now of those, but those all deplete. Just the same as the wood pellets deplete,
the same thing’s happening to that.”
Finding: Relatable systems make it easier to understand energy’s limits and
constraints
By using tangible, more relatable systems, people can develop a better
understanding of how the energy they use is subject to limits and constraints. The high
reliability and low visibility of residential energy systems combine to make lessons on
energy’s limits and constraints very tacit. Unfortunately, many of the silent lessons
people pick up from their homes are misunderstandings about the true nature of energy.
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Energy systems should remain reliable, but small tweaks to design can improve
society’s understanding of systems that could benefit from being safely in sight.
Currently little to no feedback is provided to consumers before the point of malfunction.
Systems are overdesigned, mostly for reliability and safety, to the point where energy is
being consumed at unsafe rates. By exemplifying limits and constraints in relatable
manners, better decisions can be made by informed consumers. Currently people have the
tendency to be more concerned with their cell-phone data running out than their energy
sources.
For example, Melissa suggested using a circuit breaker to exemplify that a home
is only designed to use a specific amount of energy:
“Because I think that like our breakers can only handle so much power so
obviously there’s a limit to what can come in and what we can use … I guess I’m thinking
in some way if like you could, if you could give too much power to something that would
cause it to malfunction so that they can see that you have to limit what’s going in.”
In the same fashion, Patty explained an energy limit by using a cellular data plan
as an example:
“I think, a lot of times people have trouble grasping large concepts about the
whole world, but when you use literally in your house too much energy, you kill that
system. It does kind of show limiting constraint. It’s not the best, to me. You could still do
it, though, and I think people do learn better from small, really practical examples that
they can relate to in their life. I feel like if I was trying to teach somebody, I would just

58

tell them about a data plan. When you’re on your family data plan, you only have so
much data, and if you use all the data, your sister gets no data. Like, Africa has no data.”

Findings related to DOE Concept: Electricity is generated in multiple ways
Finding: Indistinct and distant power utilities allow consumers to overlook the root
of electricity sources
As a result of indistinct infrastructure, consumers are provided energy from
sources they have little to no intellectual connection to. For most home occupants,
regardless of source, the electricity they consume is invisible, reliable, and affordable.
The current system of residential energy delivery is contradictory to the true nature of
energy. Power lines are hidden or designed to be inconspicuous, power plants are
uninviting to the majority of its consumers, and electrical energy is portrayed as lifeless.
In reality, energy is better described by its nontechnical definition: powerful vigorous
activity.
Similar to the physical systems of electricity generation and distribution, the
current social process of residential electricity demand is extremely passive. Consumers
can feel voiceless and disempowered in the electricity purchasing process. Unlike many
other products, electricity is monopolized, thus forcing a consumer to purchase power
from one specific utility that their residence is zoned for. It is currently at the utility’s
discretion to promote and offer a variety of electricity sources. Even small-scale
renewable energy sources, such as solar panels, are regulated by the local utility for any
grid tied home.
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For example, buying electricity is an unfair passive process for residents such as
Dennis:
“I guess it really just depends on where you live. There’s only, there’s Blue Ridge
Electricity or something like that and then Duke Power. They do it in sections on where
you live so you really don’t have too many options, unless you want to spend a lot of
money on solar panels and just not have an electricity bill.
“I would say it was probably a little unfair because maybe I don’t know how they
measure it or how much dollar amount they charge you per whatever, but it would
probably be unfair. Say Blue Ridge was cheaper, but you’re stuck with Duke, that’s kind
of unfair.”
At the same time, Cathy considers parts of the reliable electricity system obvious
and boring:
“For the ways that we get energy. I think it is hard to show people, you know,
we’re getting electricity from that power line. I mean it’s kind of just obvious and
somewhat boring. I think it would be interesting to show people and explain to people
how the energy is getting into that power line and where it’s coming from and that makes
them realize, you know, the environmental sources that we’re using. But that would be
something you more or less have to tell them or show them like on a movie versus in
person.”
Consequently, Cathy’s disinterest is exampled in her confusion related to invisible
sources of electricity:
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“Yeah. I understand that I’m constantly using energy. What I don’t understand is
where it comes from. Or how we get it. When you talked to me about like an electrical
fixture especially, of course, you know, I understand that when you light a stove that’s not
electrical. That energy is going to come from the natural source like fire. But when you
turn on a light switch, where is that energy coming from that’s coming off of the grid
somewhere and it’s costing someone something, money. Or resources … Those (sources
of electricity) are a little bit more invisible I think.”
Due to innovations in societal process and engineering design, humans are
becoming disconnected from the energy society worked so hard to manipulate. The
homes we have designed are distancing people from the energy sources that used to be
the centroids of civilization.
Finding: Visible examples of electricity generation systems make it clear that
electricity is generated in multiple ways	
  
Contrary to traditional electricity generation and distribution, renewable energy
systems are effectively decentralized and visible. Many consumers overlook even highly
discussed power plants such as nuclear stations and hydroelectric dams. Solar panels on
top of roofs and wind farms within the view of the city are clear examples of the various
ways electricity can be generated. Unfortunately, renewable energy sources are being
distributed in concentrated areas limiting the effect they have on Energy Literacy. When
renewable energy sources are visible, people become more aware of their own options.
Solar panels and windmills share similar physical characteristics to non-electricity
generating devices such as solar hot water heaters and wind water pumps. Regardless of
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the devices actual use, people may still relate the devices to electricity generation. This
goes to show that the national discussions about renewable energy sources have caught
people’s interest. By providing tangible examples to the discussion, we can clarify some
misunderstandings and increase the overall understanding of energy.
Having traveled to areas where renewables are more abundant, Julie can recall
living in a place where renewable sources of energy were visible:
“Now they don’t do it here, but when I lived out in California, they got those
things that they look like windmills, and they’re out there. I’m talking about those things
make me look like my eyes would cross because they had thousands. It was like a field of
them. It was just thousands of these things. We may not have the wind source to power
those type of things.”
In contrast, Shalon has never seen solar or wind generation systems in person:
“You’re right, you’re right. Let’s see. I don’t know what I was going to say but,
well, when I think of like generating electricity I would think like how we have things that
are solar powered. Wind powered. And you know it would be horrible if we did have
things that were solar powered and I just forgot about it … Yes, and the only reason why
is because I know these things exist but I haven’t seen them in action so. Um … I guess
something. An example of other ways to generate electricity in the home would actually
give me a tangible reason why. So when I was talking to other people about it I would be
able to, I guess, explain an example that I’ve actually had explained to me, too.”
At the residential scale, solar panels make the multiple sources of electricity
visible to Dennis:
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“Yes, cause they had a solar panel on the outside of their building … the building
that’s in the very corner of the lot, there was a small solar panel on top of it.”
It is important to note that the solar system that Dennis referenced was not a
functioning solar panel. Dennis saw a small solar panel on top of a utility shed at the back
of the property. This panel has been overlooked by many due to the fact that it only
powers a small light inside of the shed, which has been broken since I started studying
the home.
On the other hand, Dennis was confused about the various ways his utility
generates electricity:
“I’m assuming it’s probably, well I wouldn’t say, it was the hydro-electricity one,
probably the nuclear … ’Cause I don’t know which one we have in South Carolina. I
don’t really know where we get it.”
When asked about where the power for Peggy’s House comes from, Dana felt
unsure:
“It comes from the power (plant) ... Which is probably a hydroelectric plant,
which the water from the dam generates it, and ... Then you have solar more power.
Which, I don’t know if she had solar ... Do she have solar panels?”
Finding: Small and interactive may mean inefficient electricity generation, but
efficient energy education
Electrical generators fueled by human power are insufficient for meeting all of
society’s needs, but they do a great job of engaging people in the process of generating
electricity. Most generators work identically; the difference is the fuel source. When
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humans become the fuel, an incredible amount of effort required to generate substantial
amounts of energy makes alternative fuel sources become more relatable.
Pedal-powered bike generators were the most popular source in my study. Most
individuals will work up a serious sweat trying to power something a small as a light
bulb. Energy educators have made creative improvements to this lesson by having riders
compare the effort required to light an incandescent bulb versus an efficient CFL bulb.
This lesson goes to show that resources can be conserved and better matched to end uses.
While human-powered electrical generators will not power the air-conditioning unit in a
gym, there is no need for gym bikes or other types of cardio equipment to be plugged in
to power there LED displays.
For example, Cathy’s most relatable example of human electricity generation is
available on commercial workout equipment:
“Well, yeah, humans we can, we can generate electricity through motion so
there’s like a lot of devices that you can, you know, like ride a bike and hook that up to
like a battery. Stuff like that it’s becoming more popular. There’s like gyms and stuff that
hook up their machines to energy and different things like that.”
Correspondingly, the concept of bike-powered energy is an important part of
history for Dana:
“If you look at history it shows you how first it was the bicycle and then ... If you
just look at the evolution of electricity, how it starts out, you can see it’s generated in
multiple ways.”
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Furthermore, Patty has had great success in educating society on electricity
generation by using interactive examples:
“Having a little solar panel demonstration is cool, but you can even have, I’ve
seen those little flowers that move with them, little solar devices that move. There is this
awesome machine that Earthaven created, and it was broken. It was a washing machine
that ran on a bike, so instead of using electricity to spin, you spin. You would spin and
then the washing machine would spin, but you can also just pedal a bike to create
electricity that runs an appliance. I would love to see that at a home. I would love to see
that in someone’s basement as their treadmill thing. They have their bike and that
created electricity for them. There is a company that retrofits bikes to do that.
“I think being able to, you can show that I can generate electricity by burning this
and this or I can generate it through solar panel, but being able to generate electricity
yourself, other than the shocking with the rug thing, because that’s, eh, a little bit of
static, that, I think, really puts a big light bulb in somebody’s mind of, I can generate
electricity, I have energy within me because I can create forces that then create tension
between electrons that do things.

“Multiple times I helped out with the environmental action groups, different, they
were kind of promotional events, where we would get out the bicycles that generated
electricity with the light bulb to show people for Earth Day and stuff.”
When innovating new solutions to our electricity consumption problems,
generators that engage the user should not be overlooked due to smaller outputs. By
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connecting engaging people in the process, lessons are learned about electricity
generation. Small inefficient electricity generators, which are interactive, are efficient
energy educators.
Finding: Perceptions of expense and complexity create a disconnect between
residential energy consumers and renewable electricity generation
Renewable energy sources have been labeled as complex and expensive by
powerful voices of opposition. Many consumers consider renewable energy sources to be
luxuries instead of the necessary solutions to energy issues they are. Even conscious
energy consumers struggle to afford renewable energy sources such as photovoltaic
panels (PVs), which use solar energy to generate electricity. The affordability issue is
more of an issue of financing than actual product cost. Most PVs pay for themselves
faster than the standard 30-year mortgage. Unlike other parts of a home design, PVs are
not a standard part of a mortgage. Solar systems are still considered to be new and
complex systems with varying values.
After securing the funding for a renewable energy source, a second of complexity
issue comes with the installation process. Home occupants can feel incapable of installing
their new energy source. Universities have been playing a key role in educating the
public on their ability to utilize renewable energy sources through investment in
educational focused outreach programs. Educational programs such as the solar
decathlon, for example, allow people to discuss with informed individuals about how to
have renewable energy sources like PVs installed at their home.
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For instance, Peggy’s House was designed for solar panels, but PVs ended up
being cost-prohibitive according to Patty:
“Solar panels, yeah, they’ve been trying to do that for so long. They want it on the
roof so badly. They want solar panels. That was originally in the house design, it was in
the plan, and then they just ran out of money, so solar panels couldn’t happen”
Given that, Wesley wanted SustainabilityInc to focus on affordable efforts, which
community members could take part in:
“I would say it may not be electricity, but power in general. My point is wood
pellets, we’re not creating electricity but we are creating heat which otherwise we would
be using electricity for that. We’re also looking at in the future, create our own biodiesel. Other forms of, means to produce energy in some way. Again, just showing people
that there are alternatives. Not just talking about it, but showing it. Shalon and I took a
class over at (omitted university name). (Omitted university name) is doing a lot of good
stuff in biodiesel. It’s not, especially with me with a chemical engineering degree,
something I could easily do and put in place. That being said, is it something the average
person can do? I think you’d have to simplify it. That’s one of the things I wanted. Really
another big part of Peggy’s House, and we have that as part of our foundation, is keeping
things simple. What we try to demonstrate on site is things that anybody can do. I’m not
interested in bringing in nuclear power into Peggy’s House. That’s a little extreme, but
that kind of thing where there’s no way possible that anybody’s going be able to do this
in their own home and their own lives.”
By the same token, Dennis felt that solar power was out of his personal budget:
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“I work at [omitted retail store]. They don’t pay me enough to go out and buy
electric, solar panels and stuff so I guess it would just depend on your financial status
and what you could do with the money you have.”
Furthermore, Patty is interested in solar but feels that the technology is too
complex:
“I’ve been learning more about solar voltaic, slowly. I don’t like it. There’s too
many new ways they’re doing solar voltaic, the thin ones, and there’s a type of solar
voltaic you can paint and that one just blows my mind. I try and understand it … It’s just
hard to understand it all. Like, how can you have PVC that you paint? It doesn’t make
sense to me, but apparently it all works somehow in some magic universe of really fancy
people who understand electrons a lot better than me. I’ve been researching different
types of solar panels. I always thought it would be really cool to have a paintable one.
That’s always been on the back burner.”
Additionally when asked how she would engage the public at Peggy’s House,
Cathy discussed the limitation of using renewable energy sources to improve Energy
Literacy:
“Solar panels cost a lot of money. And I don’t think, a lot of people just don’t
have them. So I think it’s better almost to teach people in general in our community how
to conserve energy …”
Cathy also discussed how competitions such as the solar decathlon are effective
ways of improving society’s understanding of the various ways to generate electricity:
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“Or generate competitions … like solar deca-thons (solar decathlons) or
whatever those things are called at the colleges, stuff like that.”
Shalon, who was raised in the low-income neighborhood Peggy’s House is
located in, is curious about renewable energy and has never had a chance to interact with
a residential installation of renewable energy:
“I’m just curious about the applications and I’ve always seen textbook examples
of like companies doing things, and so I haven’t heard of anybody doing like personal
things.”

Findings related to the DOE Concept: Conservation is one way to manage energy
resources
Finding: Utility bill limits and constraints exemplify the ability to conserve energy
resources	
  
Metrics are critical to a person’s ability to save anything. With units of energy
being quantities that people are fairly unfamiliar with, saving money is how people
conceptualize saving energy. Utility bills are monthly feedback on conservation efforts in
the form of a demand on valuable money. An individual’s value of money, relates to their
value of energy. When a bill becomes too costly, people look for ways to conserve. When
a bill is low, people understand they are being conservative.
While utility bills are a simple and effective way of providing feedback on
conservation efforts, they are oversimplified and teach misconceptions. Energy includes
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an incredible amount of hidden and/or forgotten-about costs. Utilities charge fees, taxes,
and variable unit rates for energy. Weather, number of home occupants, home design,
and many other factors can skew a utility bill. All of this noise can make it difficult for
people to understand the results of their energy decisions.
For instance, Sue discussed how utility costs made her think of ways to conserve
energy:
“I can go back is washing and drying clothes, that kind of shaped it … it made me
quit drying so many clothes … and using my clothes dryer so much. After I looked at my
light bill. Well, I use the clothes dryer but like sometimes I just go out on my deck like,
you know like big bedspreads and stuff like that … instead of drying them I just put them
on my deck and let the sun dry them.”
On the other hand, after her home was weatherized, Melissa noticed she could
keep her home cooler and use less energy.
“Um, I mean just by, you can feel the difference. It doesn’t take as long for it to
heat up or cool down, um, and then just looking at our bills you can see that we used, like
we’ve been able to keep the air a little bit cooler and still pay the same amount. And like I
said, you can see that we’ve used more but we’re not paying more.”
Furthermore, Dennis indicated that his utility bill indicated his consumption
efforts as conservative:
“Yeah, for the household because, if you conserve energy it’s going to decrease
your power bill. You can show someone your power bill and be like, yeah, I didn’t use
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that much energy. Compare two months maybe. This month I used a lot, this one I didn’t
use so much because I was more concerned.”
Finding: Replicable examples teach lessons on conservation 	
  
One way to improve energy conservation is to nudge people into making efficient
decisions by making the process seem easy. By providing examples of how to conserve
energy at home, people can take the knowledge home and instantaneously change their
lifestyle. Programs such as Peggy’s focus on exemplifying techniques that people in their
neighborhood can use. Humans are curious creatures of habit, so conservation techniques
that do not fit into an individual’s routine will be less effective in creating social change.
It is important to realize that conservation is a teachable mind set. By changing social
norms, more and more people will reduce their demand on energy simply because that is
what everyone else is doing.
While not all in-home examples can be identically replicated by everyone in a
neighborhood, as long as the example is understood, an individual can take the
conservative concept and apply it to their lifestyle. Some may heat with gas, others with
electricity, but the concept of setting a thermostat closer to the outside temperature is a
universal lesson for everyone with a heating system. Individuals take internalized lessons
on conservation and share them through society. This concept will be further explained in
the social and technological innovations section of this report.
For example, from her interactions with the Peggy’s House program, Julie learned
to be resourceful when heating her home:
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“I look at that and also how they heat. They use that stove. I’m not familiar with
that at all. I didn’t know that they could use sawdust. They use sawdust and it’s
compressed into chips that they use. That also conserves on the trees. We need our trees
and things because that’s a real part of the ecosystem because everything has to have
oxygen.
“I use that and I use the kerosene heater. I try to be resourceful myself and things
that I see that I can burn, within reason. I’m talking about old twigs or something. I’m
not talking about putting in all kind of stuff just to burn but I look at stuff that’s
resourceful that I can burn like dead limbs that fall off my tree. I used to put them in the
street. Now I put it in my compost or I burn it. See that keeps our street system a lot
cleaner and prettier looking without me putting my debris on the streets. I’ve been
learning a better way to use my debris as resources to help me in some kind of way. That
type of thing. I’ve learned to be resourceful since I’ve been down here.”
Furthermore, Julie was influenced to recycle be seeing other neighborhoods with
visible recycling programs:
“Then I started to recycle. That’s another thing. I didn’t learn that from Peggy’s
House, but I learned it, like I said, just from being resourceful. Before, I would just load
my trashcan up with stuff, and I couldn’t see no sense in recycling basically because I
was trying to do as other people. I said, ‘Nobody’s recycling this stuff.’ As time went on, I
started going around and noticing other neighborhoods. I said, ‘Wow. This must be
something.’ Then, all of the sudden, I’m like, ‘Wait. I want to get on the bandwagon with
this.’ I started getting anxious. I was like, ‘I want to be a part of this. I want to be
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resourceful. I want to be able to help maintain the delicate eco-nature thing.’ I could see
things going away, with animals dying because their native land is being destroyed
because of man, and I can start being more conscious of stuff.”
Finding: Via an understanding of the water-energy nexus, water conservation
lessons transfer to energy saving lessons	
  
The water-energy nexus is a clear description of the interdependence of water and
energy that my study participants have described. Currently, water is required in most
major electricity generation processes, and energy is required to power the distribution
and sanitation of water of systems. When speaking about conservation efforts, many of
my study participants related messages on water conservation to energy conservation.
This is logical due to the visibility of water itself and the messaging on water
conservation. In the United States, drought warnings are much more popular than an
unreliable power grid. Lakes and water reservoirs can be clearly seen as low versus a
consistently debated invisible amount of energy resources.
The interactivity of water systems provides a tangible example of the need for
energy conservation. People can understand the process of pumping water better than
electrical flow. Furthermore, people also understand that a pump requires some form of
energy, electrical or manual mechanical efforts to function. Both water and energy are
necessities that people need to understand how to use sustainably. Devices such as dual
flush toilets can be related to electrical devices with varying power levels. Home
occupants need to understand how to use the least amount of energy or water to meet
their needs.
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For example, Dennis relates water conservation efforts to energy conservation
efforts by speaking on his thoughts sparked by his interactions with a dual flush toilet:
“I noticed in the downstairs bathroom they had one of those two tank toilet
things. One for solid waste and one for liquid waste. I guess it helps conserve water just
depending on which one you had to do.
“I’d be more inclined, yeah I’d be more inclined to buy one instead of the
standard ones that we have that use a lot more water. Things are like, I don’t know how
many, six gallons maybe? I don’t really know how many gallons are in the back of a tank,
but if you had one like Shalon does in the downstairs, it’d just be cheaper. I mean it might
cost you more in the beginning, but it would probably save you more in the long run.”
Interviewer (me) : You relate your water consumption also to your energy
consumption?
“Well I mean if you had like, a well. Wells, they have a pump in them and if you
don’t have electricity, it’s not going to pump the water to the house. My aunt’s power
went out the other day and I was like, why are you not flushing the toilet? She’s like, I
can’t. I was like, why? She’s like, cause the pumps not working in the well. I was like, oh.
Cause we have water from the utility company and, if you don’t have power, you’re still
able to flush a toilet. Just depending on if you had a well or just from the utility
company.”
Interviewer (me): Do you feel like the utility has to pump their water or do feel
like they have this process they get to do without electricity or energy?
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“I’m sure they do have a process with energy ‘cause you have to get it somehow.
Water is not going to go uphill, so. “
Interviewer (me): You separate that (process) from your personal energy
consumption?
“Yeah.”
It is important to note that Dennis states that he would consider buying a dual
flush toilet after his interactions. When thinking about the complete system, Dennis sees
it worthwhile to save water and energy simultaneously. The water systems that Dennis
has been exposed to provide him with a clear and memorable example of the pumping
process required for overcoming gravity. While home wells expose people to this
process, many people get their water from a utility that disconnects their users from the
pumping process required from a well.
Additionally, Cathy explained that water conservation relates to energy
conservation because the process of cleaning water requires energy:
“I think of water when I think of conserving things. More so than energy. Yeah, I
just feel like humans waste so much water and we take it for granted … I think that you
can compare them together because sometimes, depending on the type of mechanism they
use to clean and filter the water, it uses energy. But I’m not 100% sure of all the different
ways they filter water.”
By the same token, Dana relates the need for water conservation to energy
conservation:
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“Yeah, they have to (conserve). If you think about it there’s countries that have to
... There’s some countries in Africa, I think I read one time, where they were doing
recycling water so the people could drink. They had to come up with ways to do that.
Where in America if we had to do that ... It’s like okay, let’s go out and use up energy to
... And you wouldn’t think about what you had to do to do it.
“You know how some little kids, well shoot, some grown kids love to play in the
water. It’s like okay, it don’t take you an hour to take a shower … You do what you need
to do, and get it done.”
Interviewer (me): Do you feel like water relates to energy as well?
“Yes, because you have to have water to ... I mean, in the olden days they had to
have water to generate power, because the wheel had to turn some kind of way, so they
used water.”
Furthermore, Patty relates the two life necessities and explains how, depending on
use, water requires energy:
“I always see water and energy as related, because those are both critical
resources in the environment. They are the bills you pay in the home, they’re the external
resources coming in. I always connect them. I guess you do have to pump water. You
have to heat water for showers. If we’re talking about shower water, I would say yes,
because the hot water heater uses electricity. Probably the sink water, not really. I don’t
know how that little pump works. It probably gets up there. I don’t think it’s electrical.
It’s probably pressure.”
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While all in their own way, my study participants utilized their understanding of
the water energy nexus to better understand energy conservation in relation to water
conservation.
Finding: Passive design exemplifies how a shift in thinking can conserve energy
resources through informed efficient decision-making	
  
Passive design features ironically provide active lessons on energy conservation.
The oxymoron of passive design requiring active thinking is an educational opportunity
for engineers and scientists to capitalize on. Passive design is not as flashy as some active
design methods, but they usually require more thought earlier on in the home design
process. When attention is drawn to passive techniques, they can show an engaging
elegance to energy-conservation efforts.
After a home is built, passive design can still be effective for people looking to
improve their energy efficiency. Sealing cracks, replacing windows or insulation, and
improving shading are all passive design methods in which a home occupant can engage
in conservation efforts. While passive methods require less thought after implementation,
the process of thinking translates to later decisions causing a ripple effect in conservative
efforts.
For example, the building materials used for Peggy’s House vitalized Julie’s
thoughts about her home and how to be more selective in future decisions to meet the
triple bottom line:
“Basically, just in the construction. That’s a biggie because we
(SustainabilityInc) used a lot of refurbished materials and tried to be resourceful with the

77

materials, and they were eco-friendly type of things that I, myself, don’t necessarily use. I
just want my walls to stand and be sturdy and if a storm comes, I want to still be
standing.
“See, this house does not have the shingles, and so the roofing is something. Plus,
financially you don’t have to worry about it. There’s another financial thing. You’ve got
to be sustained financially, too, not only with material, certain physical buildings and
things like that. You have to have money so you can buy these resources so you can
sustain yourself. Like I said, without having the shingles, you don’t have to worry about
replacing the roof. You don’t use the shingles at all so you don’t have that obstruction of
these poisonous pieces. I don’t know what it’s made out of but it can’t be good because
there’s not a way that we can get rid of it in a good way. We have to take it somewhere so
it has to go through another process. It’s not natural. Things that’s natural go through a
natural process of how it breaks down and goes back to the natural form of whatever it
was or to be nothing. Dissipate and be nothing.”
In a similar manner, Kay recalled the importance of her thought process behind
installing energy-efficient windows when she first moved into her home:
“Well, yes, I had these windows put in my house when I first moved in because I
wanted to save, you know, energy instead of losing, you know, air and heat and
everything through windows and stuff that maybe had, were old, had cracks. I decided
that I wanted to go with a better energy efficient window. That’s what they were 20 years
ago, but not anymore of course, but every little bit helps.”
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Correspondingly, Cathy explained that passive techniques better exemplify
energy conservation at Peggy’s House than active methods:
“Especially the more natural ones like the twelve or the two foot overhang and
the amount of windows that allows light to filter in, the cross ventilation, the insulation
because it’s, even though it took energy to produce, to make the insulation it’s not using
energy is just, you know, it’s in the walls.
“There are the ways that are more affordable. Although I can’t even say that, it’s
just, it’s something that you’re putting into a home that isn’t going to use energy like
putting in a window for light, it’s not going to use energy like installing an LED
lightbulb. It’ll still use energy. (but) It’ll be more efficient …”
As a result of his work with SustainabilityInc, Wesley learned how to focus his
efficiency efforts efficiently:
“My efforts for change have been at Peggy’s House. For demonstration purposes
more than my own consumption in my own house. I could have spent a lot more time here
and reduce my own energy consumption. I need to re-insulate. I wasn’t able to get these
vaulted ceilings, for instance. I still have that down to do. I’ve actually marked it off. I
came in with a thermal scanner. I bought a thermal scanner because we’re going to do
some home energy audits as we implement the steward program. Anyway, I’ve marked
everywhere, and it’s amazing. This thing [sun room], it’s theoretically supposed to have
HVAC, it does have HVAC hook ups in here, but I just closed it off because there’s no
insulation in the attic. You’ve got this many windows that are all single pane windows.
You do not want to try to heat this room, as you can tell.
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“We dropped our energy consumption just through the ceiling and insulation that
we did, and we have a programmable thermostat and all those kind of things. We
dropped by 30% at least from early on when we were in the house.”
Additionally, Melissa wants a better way to inform her family of the importance
of controlling air flow:
“I mean I would say leaving the door closed more often like, the outside doors,
you know, it’s so easy to just open them and leave them open. Um, but yeah, just trying
to, trying to conserve more of you know, like I said, we can use more air … because it
keeps it in, but then if you leave the doors open or like we have a window out in our
laundry room that sometimes, sometimes we’ll, you know, every so often we’ll turn
everything off and open the windows like, you know, if there’s a nice breeze and it, you
know, just saving in general.
“I was going to say like with the whole house like it’s something I notice but I
don’t think they notice as far as like the temperature or if we open the door, um, but well,
I guess I could say, um, the refrigerator. They’ll open the refrigerator and just leave it
open sometimes. Um, if they could see that that makes the things in the refrigerator not
cold. Like it’s supposed to be, um, and how conserving that by keeping the door shut.”
The goal of DOE is to improve Energy Literacy with the hopes that people will
make better decisions related to energy. Passive design features have shown to have that
exact educational effect on people. Passive design exemplifies how a shift in thinking can
conserve energy resources through informed efficient decision-making.
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Findings related to DOE Concept: Social and technological innovations affect the
amount of energy used by society
Finding: Societal shifts in energy consumption are evident at home	
  
Within the walls of a home, people are typically aware of the wide-spread
changes in societal energy use. Home occupants are aware of the effects lifestyle changes
have on energy consumption. People from different age groups clearly see the contrast in
the ways generations consume energy. Participants in my study see the process of
naturework occurring shifting societal norms and beliefs.
The relatability of the home makes differences in habits quite clear. Parents see
their children’s dependence on technology and reminisce on their own upbringing that
undoubtedly was much less tech-infused. Even people without children can grasp how
lifestyles have changed through other daily examples such as entertainment,
communication, and home security.
Home occupants are also aware of the issues related to the current overconsumption of nonrenewable energy sources. Scientists, with the help of the media,
have gotten the message to the public that we cannot sustain our current path of
consumption. Efficiency innovations have helped to balance out the increase in
population and number of devices, but the home is a great example of how efficient
design can be overcome by an increase in demand. Homes are more efficient, but that just
turned into people being able to be comfortable in larger homes with more devices.
For example, Cathy, noticed how connected to electronics society is becoming
when she thought of her entertainment and profession:
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“Like all these video games and Wii games, like it doesn’t teach kids how to play
naturally. By all this technology I mean, you know, I went to the board meeting, and it’s
like there was like laptops and phones and pagers and all this other stuff on everyone’s
desk and I was just like whoa, like it’s too much. It’s crazy.
“I feel like it’s just kind of out of control. And I feel like even people that are
really energy conscious like Wesley, with all this technology he’s installed in this house,
now I have two laptops, I have two cell phones. He’s installed this alarm system and
these cameras. The floodlights for outside … I wonder if I needed a TV up here a TV
downstairs but you know what I mean. It’s just a lot of technology. And really it’s
affecting our health so I’m really not for it … I think we don’t need it all … Yeah, I think
it’s really making the world sick … And then it’s really just, yeah, kids don’t know how to
go outside and play. Or communicate.”
Additionally, Melissa explained how she sees the trend of increasing device use
through her children:
“Um, because I think, I mean, okay, like with all the technological advances there
have been, I know like some of it like they tried to be you know, green, or energy efficient,
but at the same time I think more people are using technology than ever before.
“If they (children) don’t see someone with a cell phone or an iPod or something
then … they’re not interested, but when it’s there, like anyone, do you have dance (app)
on your phone, I play and it’s like I promise this is not all we do all the time. But if
someone has a device of any kind then that’s, yeah, like it’s there so they want to play on
it. But anyway, like I said, I feel like that’s just more of a telling them, you know, when
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you don’t have these things around do you realize that you don’t even think about it or
you don’t even … want to be play on them, and you know, that doesn’t use, you’re using
up energy, you’re using up something when you’re, you know, when you are playing on
an iPad or an iPod or a phone, whatever the case may be.”
Similarly, Dana looks at her family and sees a shift in the amount of technology
use from generation to generation:
“We’re just wasteful … I mean a lot of it is generational, waste.
“Now, everything is so high-tech, that most ... With most phones and stuff, you’re
not plugging them in. Some of them you have to plug into your computer to charge and
stuff. It means you’re going to have your phone on, and then you’re going to have your
computer on.
“Okay, I guess again going back to computers, like when all my family is home
you might have a laptop, and probably five or six cell phones that needs to be charged
and stuff, and along with the TV’s and all that stuff … I just try not to stay on Facebook,
because I’m not addicted to it, like some people are.”
Equally important, Patty now looks backward in time by using her grandparents’
previous lifestyles as examples of how sustainable lifestyle solutions have been around
before current technological solutions:
“Show a lot of different technology/lack of technology options. My preference is
just to go for lack of technology options, showing people that there is a way we used to
dry clothes, and there’s a way we used to wash clothes. I feel like kids nowadays don’t
actually remember that we used to do things differently—because they weren’t there, I
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wasn’t there. It used to exist, and dishwashers don’t always wash dishes. Although,
apparently you use more water when you wash dishes by hand. That’s up for debate.
“Before Peggy’s House, I was not aware of how important social is, because
some of the people here are like, back in the 1970s, and I did not even know that, because
the social group that I was a part of was much more aware. It’s really taken me aback
and made it so much more important for me to understand the history of how people have
used energy and understanding how people have considered energy over periods of time.
I wanted to talk to my grandmother about how she considered energy, because she grew
up during the Depression. I wonder how energy was considered then, and then she was
quite wealthy when she got married. She didn’t marry well, but my grandfather got into
politics and he did quite well, and so he made them a lot of money and they were quite
wealthy for a lot of their life. I’m interested in how that affected her in probably growing
up with minimal energy usage and then having limitless energy usage. Nowadays, she
still has anything she wants, and she doesn’t really conserve in any ways that I know of.
It’s not readily apparent.
“Unlike my Italian grandmother, she (other grandmother) doesn’t have access to
anything; she doesn’t have the wealth, but she was given items and refused them because
she preferred the traditional way of life. It’s a very cultural, social choice. I always
viewed that through the cultural choice instead of seeing that as an energy choice. It
really is. Some of the people here who are older, who still go by old beliefs, I wonder
when that change happened for my grandmother where she stopped and learned new
things and how. Was it when she went up in status economically, and how that
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integrates? I’ve been much more interested in that social dynamic since being at Peggy’s
House. Technology-wise, I’ve always been into that. I’m always into tech. Kickstarter is
my life. I’m always into new Kickstarters and really wanting to back all the new tech. It’s
just cool.”
Similarly, Shalon can still remember the feeling of transitioning into a sealed
home:
“I’m going to tell you. When I was a kid, one of my grandmothers did not have
central heating. So in the winter, and her house, it was old. And I know the difference
from, I lived with my grandpa before college. I remember when he got all his windows
replaced. And I remember the difference in the temperature in the home. During summer
and in the winter you can tell the difference. So I remember the wintry months when I was
here because I moved in, in January, so we had some cold in February, some cold days.
It was definitely a difference between that and being in a home that has, that didn’t have
as good, what am I trying to say? Where the sealing is as good.”
At the same time, when asked about exemplifying social shifts in energy
consumption, Dennis leaned toward using a textbook example to show wider view of the
historical shifts in energy use:
“I guess I’d use a textbook to show how society works together.”
Interviewer (me): So would that be historical context, or do you think it would be
like a story that was made up?
“I guess history because, before all of these technological advances, of course we
used more power because people aren’t really concerned back then. Now that our
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energy, our resources are dwindling, we have to find new ways of, I guess reusing and
limiting how much we use.”
Home examples make the long complex history of societal influences
(naturework) on energy use easy to understand. Messages are clear and abundant due to
the familiarity people have with their own lifestyles. Differences in home lifestyles are
clear examples of the effects societal shifts have on energy consumption.
Finding: Efficient homes provide applicable examples of social and technological
innovations	
  
Home occupants learn from how home design has been affected by technological
advances that affect energy consumption. To counteract increased demand and
population growth, scientists and engineers have made many technological advances to
home technologies. Devices serve similar purposes as their predecessors, but drastic
efficiency changes can be seen in appliances and personal devices. Many consumers now
demand energy-efficient products. Energy-efficient design has become a selling point for
products to the point where green-washing has become a popular tactic to improve sales.
By becoming a popular aesthetic, more and more consumers are learning about
energy-efficient technology. Customers look for product labeling, such as Energy Star
labels, and see how product innovations are saving them money through energy savings.
Currently, home occupants are being introduced to more and more efficient technology
which teach lessons on the effects that technological innovation has on energy
consumption. Some companies are even bringing products back from the past providing
efficient human powered alternatives to newer electrical dependent devices. The
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technological innovations that have been affecting energy consumption have, in some
ways, also become a sociological innovation. People discuss technology and energy
efficiency has become a relevant topic inviting the opportunity to learn.
For example, as a result of her time at Peggy’s House, Patty changed her
perception of the way to power a lawn mower:
“We have this really cool lawn mower that we utilize, probably 50% of the time.
It’s a small one, but it doesn’t use a motor. It’s a motor-less lawn mower. Before Peggy’s
House, I didn’t even know that existed. Every lawn mower has a motor. It’s just essential
to the lawn mower. People make jokes about cars that have lawn mower engines.
Anyway, it just has these little spinny blades, and you just get going, and then it can spin.
Whenever we let grass grow too tall, though, it doesn’t work.”
Furthermore, while Patty shared her awareness of a clothes dryer’s innovation,
she revealed how the home can exemplify concepts as complex as the types of electrical
current.
“My grandmother lives in Italy, and when I was young, probably about two or
three, my mom took us over there. My grandmother still washed on washboard, and she
didn’t have a dryer at all. My mom bought her a washer and dryer, and she said I’ll take
the washer, not the dryer. She still hangs her clothes on a line. It works really well. You
can even get smaller dryers. We have big dryers nowadays. The old type of dryers were
real small. Their cavity was just shoe-box sized. They were just small, but I think a lot of
them run on direct current, not alternating current, so then you have to work with your
electrician and it gets a little fancy. They had a small, old dryer at the ecovillage where I
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stayed, and it was direct current … I guess, they had solar panels, so the solar panels
took sunlight and converted that heat or solar radiation into electricity, basically
electron energy. That was in the form of a direct current, so that was just a direct flow of
electrons. Our electricity system is buffered. I think, alternating current is a protection, in
a way, for our appliances and devices. You have to have a converter with your solar
panel so that direct current is turned into alternating current. I don’t know why it
alternates, but to my knowledge it’s some sort of protection for our devices.”
Interviewer (me): If you had to compare one system to the other, would the directcurrent system or the alternating-current system be more efficient? If you don’t know,
that’s fine as well.
“I’m going to say ‘direct,” but that’s basically a guess. I don’t know, direct seems
pretty efficient to me. The fact that they had to convert it to alternating seems like extra
work. I don’t know … I’m not into physics or whatever type of work that falls into.”
When asked about Peggy’s House ability to teach that social and technological
innovations effect human consumption of energy, Patty firmly believed so:
“I think the existence of Peggy’s House itself shows that [social and technological
innovations effect human consumption of energy] because this house is, in itself,
supposed to be a social catalyst where it’s supposed to be representing a new way to do
things, because the social status quo in the community is not as sustainable. We are kind
of ‘the new social order’ that you can adopt at will.
“I think the house definitely shows that through the different technologies that we
have. Again, the wood stove, different technology. The dryer versus drying rack, different
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technology, because even not using technology can affect it. People don’t always think of
that backwards thing, that not using technology can actually be good.
“Two different types, anything that’s touch and feel, anything to get people to
engage on multiple levels. If you get close to one lamp and you feel it and it’s hot and you
get close to another and it’s cold, you can literally feel the difference and you know that
that’s energy that’s coming off of that light that I don’t need. Plus, it’s heating up my
room when I don’t want it to be hot, or it’s just better, more efficient.”
Sometimes social and technological innovations go hand and hand. Dennis
discussed the effect Energy Star labels on his new devices had on his understanding of
energy consumption:
“Well I guess, like the new appliances. The Energy Star on a bunch of things, say
if you had just a regular old box tv like the really old ones that just sit on the floor, that’s
going to use a lot more power than the new televisions we have, like the new flat screens
we have. It even tells you it saves you a certain dollar amount on your utility bill.”
Interviewer (me): You think those labels are really effective in teaching people,
you seem to remember it.
“Yeah, they put it right on the front of the tv. You notice it ’cause you’re going to
want to take it off. I guess it does really help cause you’re actually looking at it.”
Additionally, Julie made it clear that the technological innovations at Peggy’s
House created a greater impact in reducing the community’s energy consumption due to
SustainabilityInc’s social innovations:
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“Yeah and just word of mouth and mainly with the first coordinator. He was like
an engine. He would go around to all the different places where he thought that he could
touch bases to where kind of like they light the fire, so to speak. People that was receptive
to what he was talking about and would listen and take it for what it was worth … You
know how people kind of let things wash over and you know when a person’s not really
interested or whatever. I started looking at his insight and kind of started feeding off of
his motivation. I was seeing things and I’m like, ‘Wow. This is something unique and this
person is come out of nowhere.’ Nobody knew anything about it and various ones would
come down on the bus with different tools. I said, ‘I think this is something. I need to be
more sustain myself.’ I didn’t know what type of sustainability this is. I was at a point
where I knew I needed to be sustain. I said, ‘Maybe this can help me in a way that’s
unbeknownst to me.’ I think I do a pretty good job of sustaining myself, but I wasn’t on
this level of sustaining myself, a conscious level.”
While technological innovations have increased an individual’s ability to use
energy efficiently, consumers still demand a high level of performance from their
products. Social innovations have made people more interested in efficient options, but
when devices do not perform to the same level of their predecessors, people relate lower
energy consumption with a lower level of performance.
For example, Sue was displeased by her efficient washing machines and now
wants a washing machine that fills all the way up with water instead a better-performing
high-efficiency model:
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“I can’t think—well, I do have, let’s see, I did have an energy-efficient washing
machine that kicked out on me two years after I bought it. It was like saved a lot of water.
I didn’t ever like it ... I should’ve never bought it. I never liked it, you know. It’s been one
of those machines that you put in just a little water it’s supposed to … them things ain’t
worth 10 cents. That’s one thing I wish I had never purchased it. It just didn’t do, I’m
from old school. I want my old washing machine. Not an old one, but you know, like the
regular ones that fill up with water.”
Similarly, Melissa had a low-flow showerhead but went back to an inefficient
showerhead because she did not like the water’s slower velocity. Plenty of highefficiency showerheads provide water flows comparable to traditional fixtures, but
sometimes it only takes one bad experience with a new device to create a misconception
in a person’s mind:
“Our shower head, like there’s a place to be green at a slower flow. We don’t like
the slower flow so we don’t use, we don’t use those, you know, we just use the right, so I
mean, I guess it’s just kind of personal preference.”
Homes do a great job of exemplifying that social and technological innovations
affect human consumption of energy. People can easily relate to messages connected to
home technologies. The home is also a hub for societal innovation being a critical hub for
socialization.
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Finding: The home is the environment in which memorable lessons on energy are
passed through cultures 	
  
Many personal energy habits are rooted in cultural lessons passed along family
trees. The environment of a home is a repetitive setting in which habits and social norms
are built. Family members, and co-inhabitants share cultural lessons on energy
consumption through word of mouth and personal examples. This knowledge flow is not
a result of an expert energy educator being in every home. Instead, lessons ease through
minds as a result of the sticky characteristics of the ideas. Lessons learned in the intimate
setting of a home, frequently exhibit four of the Heath brother’s popularized six qualities
of memorable ideas: simple, concrete, emotional, and consist of a story.
People further share energy concepts using biblical concepts, playing on human
survival instincts, and by leading by example. Biblical concepts show that we must teach
each other to live in a sustainable manner. A parallel can be drawn between human life
and the life of the planet. Participants understand that if the world is not taken care of, it
will eventually break down and prohibit the ability for future generations to live. As
previously stated, sustainability advocates are a social energy innovation, but their
lesson-filled stories can be amplified by engaging others in their sustainable lifestyle.
For example, Dana’s thoughts about educating the youth to live sustainability are
rooted in her understanding of the bible:
“If we learn how to conserve, then we can teach our children that, okay, you
might have access to all of this stuff, which if you ... I guess kind of like going biblical, it
tells in the bible, Jesus, what was it? It’s like you can teach a man to fish, you can give a
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man a fish, okay ... You know, you can give a man a fish for a day, or you can teach him
how to fish for a lifetime. so, you know ...”
Similarly, Kay’s thoughts on the importance of energy education are tied to
biblical lessons:
“Saving you know, you know, saving and learning how to do things as yourself… If the
foolish man, um, it’s like there’s a part in the Bible where the rich man decided to tear
down his barn and build a bigger one and instead of concentrating on what really
matters, he thought he was going to save by building a bigger barn and everything… But
he didn’t really save in the long run.”
Additionally, Julie cites the bible and Maslow as her reasoning for pursing energy
education as a necessary part of human survival:
“You do it as a bible thing, to sustain yourself because you go through this hierarchy of
things that you need, like Maslow. You know, the hierarchy of needs. I’m basically with
that structure… Well, you do have to have your basic needs met. You do have to have
your home. You have to have your social… All that is connected but it’s more on a level
of being eco-friendly with your neighbors, your fellow man, with nature and everything is
jiving together."
Furthermore, Sue would teach others about conserving energy with a very sticky
mixed metaphor relating the durability of the earth to human survival:
“Well, you know, saving, whatever, recycling and saving and all that is going to help us
in the long run.
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That’s [the Earth] just like your body. You don’t kind of save it in the long run it’s going
to flip on you. You’re going to end up on dialysis or something if you don’t kind of take
care of yourself while you’re young like you are, in your long run something going to
happen. And your body’s going to shut down somewhere.”
Cultural lessons on energy are not only aided by being sticky, but also by the
physical example of people who share lessons on energy. Dennis contributes his habit of
conserving energy to a lesson his dad developed in him at a young age:
“My dad always got on me for leaving on the lights if I’m not in the room. He’d come
back and just turn them off. I said, leaving the room I’d just turn off the lights so he
wouldn’t come and mess with me.… I would say not really because I already turn off the
power and everything when I leave the room, because of my dad made me when I was
little.”
In like manner, Shalon has been inspired to learn more about energy from the
example her boss Wesley has provided her:
“I would say that founder has inspired me to be more informed, and want to inform
myself, to become more informed… Just based on the things he talked about he learned
during his personal journey, like he, he felt like it was a responsibility to learn but then
he actually went out and did the research to learn. So I feel like for me I can definitely
relate in that sense . In having a desire to learn more now that the idea has been
presented to me because I would never have considered it before. He said that it was
something, I guess it was faith that inspired him… Prior to now I wasn’t, I once religious
and then I wasn’t really religious so I guess now I feel like I don’t know what I’m trying
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to say. Now that I’m trying to be more spiritual, I don’t know. I can definitely relate to
him in that that sentence of having a desire to want to, um, be a better steward of the
earth that God has given us. Like I don’t even know another way to articulate it, but I
know that was really cheesy.”
With the intention of creating an energy literate society, cultural lessons have a
lasting effect on the inhabitants of a home. These sticky lessons are influential social
innovations that not only contribute to energy consumption, but also exemplify the
effects of social innovations on energy use. The in home environment is where many of
these lessons develop into life long habits.
Finding: Home energy consumption comparisons are a popular and effective social
innovation, but people have mixed emotions about their usefulness	
  
In efforts to allow consumers to make more informed decisions, programs like
OPower have helped utilities provide detailed consumption comparisons on bills. Usage
comparisons have shown to be effective social innovations, creating competition between
consumers, but some participants opposed the comparison process (Allcott &
Mullainathan, 2010). People who opposed the comparison were critical of their utility
provider’s ability to normalize data for differences in households. While my study
participants were critical of comparisons, it is important to note that they were aware of
the comparisons, further supporting their effectiveness as tools to improve Energy
Literacy.
Usage comparisons are a recent innovation from behavioral scientists. Over time,
the methods used to communicate comparisons will improve to help consumers

95

understand the scientifically valid process utilities are using to compare homes. My
findings suggest that more emphasis should be put on making the comparison process
more transparent. Home occupants need to know that the utility is taking their home size,
number of occupants, and lifestyle into account when comparing. In conjunction with
comparisons, many bills offer tips on how to lower consumption.
Unfortunately, the participants in my study were mostly focused on being critical
of the comparison instead of the useful tips. This was particularly odd because three of
my study participants lived in recently retrofitted homes. All three of these participants
were very pleased with the effects that the retrofits had on their home comfort and energy
consumption. The retrofits on the homes were a part of a weatherization program which
follows many of the suggestions that utilities make for reducing energy consumption:
sealing, insulating, installing efficient appliances.
For example, Sue is incredibly appreciative of the retrofits she received as a part
of her home weatherization, but opposes the way her home performs when compared to
others:
“I can’t stand that. You know how they send the papers out maybe like every two months
or three months… mmm, I always look bad. I always look bad. I can’t understand why. I
don’t use a lot of power in my house. I don’t know, sometime I cut my air condition, not
my, my, heat and air condition unit it get so cold in my house I cut it off. That’s probably
because it’s maybe, I don’t know what because sometimes it’s so cold in here you can’t
stand it. And I have to cut it off…, I try to keep it (thermostat), I try to keep it like 72.”
Interviewer (me): Yeah, see most people around here probably keep it at about 76.
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“If that was on 76 then it’s too hot in there.“
Interviewer (me): It’s just the way your home’s designed …
“Yeah, this is an old house. This house is sixty something years old.”
“Like I said, this house is old and I haven’t had my heat and air conditioning system
maybe, it’s over a year because I got it free through the program. They came in and put,
because I just had like air, window air conditioning….the whole house on that I had
before central air and heat…”
Interviewer (me): Was your electricity bill higher before?
“Oh, my God, yes, in the summertime my bill would be like $230. So it dropped way
down but see now, right now, last bill I paid last month was $166 and that’s the highest
bill I’ve had… since I had that installed. So I want to get it back down to at least, at least
$100. See these people right here [pointing to neighbors home], bill on people like $70
and $60. Hey, I’m doubling, tripling them.”
Additionally, Melissa does not believe in home comparisons because she believes
each house hold is too unique to compare:
“I’m like okay. But I guess for me personally like I don’t really compare, I don’t care
really about comparisons… as far as, like I said, every family is different so like maybe a
different family doesn’t have kids or doesn’t have, you know, or you know, has more kids,
you know, whatever, like there’s too many differences … family dynamic and all of that. I
mean everyone has their priorities as well.”
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At the same time, Dennis would look at a friend’s energy consumption but only
compare usage of two identical homes, with the reasoning being to isolate the
individual’s contribution to energy consumption:
Interviewer (me): Would you snoop at someone’s [energy monitor], to see where there’s
is at when you came in?
“Honestly, yes, I’d probably look at theirs and be like how much power are they using,
how much energy are they going to use?... But I think it also determines, it depends on
what, how new a house is of how much energy it uses. An older house is probably going
to use more energy because if there’s a crack in the wall or something like that, there’s
going to be a draft.”
Interviewer (me): Yeah. Oh, okay. That makes complete sense. You’re saying you
couldn’t necessarily compare your neighbors’ house to yours always cause there’s factors
that matters.
“It just depends. If you had the same exact house built at the same time, probably be
about the same. It just depends on the individual and how much power they use.”
Interviewer (me): You’re saying the human dictates it as well. There’s going to be certain
amount of energy used just because of the houses’ size. But then there’s also going to be
a certain amount because how much that person starts plugging things up, setting certain
settings on their thermostat, stuff like that.
“If you leave all of your lights on in the house and the other person is not, if they’re more
concerned about how much power they’re using, then it’s going to be a little different.”

98

Usage comparisons, energy saving tips, and weatherization programs are all social
innovations that work together. Despite the connection, there is a disconnect in an
individual’s understanding and appreciation of their effectiveness. With tweaks in
implementation, social innovations like consumption comparisons have potential to help
society understand the role social and technological innovations have on energy
consumption.

Findings related to DOE Concept: Energy use can be calculated and monitored.
Finding: A utility bill communicates that utility companies are monitoring energy
use to calculate cost	
  
Although everyone is not aware of how much energy they are consuming, most
are very aware of approximately how much money they spend on their utility bills. Home
occupants are given a direct form of energy monitoring feedback monthly in the form of
a utility bill. Power and gas companies charge energy consumers an incremental rate
dependent on consumption. In the simplest form, a utility bill can provide positive or
negative feedback by requesting less or more money each month.
While this simple form of feedback does not optimize the consumer’s ability to
make thoughtful energy decision, the termination of service requires a home occupant to
be aware of their consumption during the payment process. Recently bills have become
more complex thanks to programs like OPower (Allcott & Mullainathan, 2010). Some
electricity bills now tailor energy efficiency suggestions to the consumer using personal

99

and worldwide energy consumption data. While everyone is not trying to conserve
energy for the sake of the environment, most people are in favor of lower energy bills.
For example, Shalon and Dennis (respectively) firmly believe that energy can be
calculated and monitored because the utility charges based on usage:
“Clearly it can be because there’s a cost associated with usage”
“Well that’s true because you get your electricity bill. They’re going to calculate how
much you used and charge you for it.”
Additionally, Kay who is on a fixed payment plan for her bill, can recall where
she was notified that she is being charged different energy rates depending on time of
use:
“Where if you start using so much energy they can cut back. On the energy you’ve used
or at a high peak time like …”
Finding: Interactivity enhances feedback from energy monitors
Occupant interaction with energy monitors, makes energy consumption feedback
compelling. It has been shown that real time metering with feedback is the most effective
type of energy monitoring to reduce consumption (Ehrhardt-Martinez & Laitner 2010).
This energy consumption reduction is also coupled with an understanding of the energy
monitoring process. By increasing interaction beyond the 2-d plane of a paper bill, home
occupants become engaged in the monitoring process. Graphs, spinning meters, and
detailed feedback are examples of how energy-monitoring devices provide not only
feedback but also a better learning experience.

100

For example, Cathy considers a physical energy monitor to be a better teaching
tool than a written explanation of energy monitoring:
“Yeah. I mean I think it’s more interesting to go and see these little gadgets. The energy
monitoring system and how you can like literally see and how it’s attached to the wall vs.
just looking at a picture in a textbook.”
Further exemplifying the difference between commercial building and home
energy use feedback, Patty explains how a home energy monitor allows her to learn
through experimentation:
“I think, when you can see your energy is being monitored, it’s cool. If I went to some
building and I saw they were monitoring their energy use, it’s cool, but to be able to
interact with that where I can change that monitor so that you see in real-time how that
energy monitor’s changing, that you have either increased or decreased the amount of
energy that you’re using, that interaction is much more beneficial to understanding and
learning.”
“Yeah, I think that leads people to want to experiment with their energy more, experiment
with their energy usage, because they can try it out for themselves. If I go on a field trip
to a building that has an energy monitor, I learn "energy can be monitored." That’s cool,
but if I’m at home and I have an energy monitor, I learn "energy can be monitored," and
I now have that monitor tool to be able to test how I can change my energy usage.”
“Living in Peggy’s House, I want to do more of the monitoring, and I really am excited to
create graphs and create goals and see if we can achieve those goals each month.”
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Furthermore, Sue would use the dial on her traditional energy meter to explain to
her grandson that the clothes dryer makers her energy consumption rise:
“God, I don’t know. I don’t know. How would I explain energy to him. I can’t tell you. I
don’t know how I would explain it to him…You’re going to say oh they tell me don’t use
that clothes dryer unless you have to… That clothes dryer make my meter fly… Oh, my
God, this old thing is really, just makes my meter go around real fast. It’s my clothes
dryer… I can put my clothes dryer on and go around beside my house where the meter’s
at, it’s just barely moving. As soon as I got that clothes dryer on the meter come off the
house. Flying. That’s one thing that really causing my energy to go up.”
On the contrary, Dennis considers traditional outdoor energy meters to be overly
complicated:
“I would use the household and the electric meter, if you actually knew how to read it.
I’m sure the power company would tell you how to read it. Probably not, they might not. I
don’t know how they actually, cause they’re not just going to come up in your yard and
go to your backyard. I don’t really know how they do it, but you can measure it by the
meter.”
“We learned this in agriculture class. You start with the numbers on this side and you
calculate, I can’t remember how you do it, but you can figure out how much power you
use if you go out and use the meter, if you know how to read it.”
“I don’t remember how to read it at all….Yeah, they really should just make it easy to
read. There’s different dials, there’s maybe 6 different ones you have to read to figure out
how much energy you’re using.”
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As a result of looking at her utility bill, Julie began to look at her traditional
outdoor energy meter and think about the relation between its spinning wheel and dials to
her energy consumption:
“when I said that spinning and stuff, I was talking about myself and I go outside every so
often and I just didn’t pay it [energy meter] no mind. I didn’t never look at my meter to
see what was going on with that. I have noticed it, on certain things. I been getting my
report come through on power [consumption]. That’s what made [me] start looking at
the meter out there. Then I said ... Well, the meter was on like thirty or something like
that and I forgot what the kilowatts, I don’t know the technical stuff to explain that part to
you, but it was low. Then, one time I looked out there again and it was like forty
something, up to fifty something. I was like, Whoa. Wait a minute.“
Across my case studies, participants appreciated the engagement that energy
monitors provided. While utility bills require people to be aware of the energy monitoring
process, interactive energy monitors can engage people to the point where they feel more
capable of monitoring energy consumption. There is more work to be done to get people
to understand the specifics of the process, such as units and equations, but energy
monitors are showing potential to be useful in the education process that new programs
like Maine’s PowerHouse is innovating. The interactivity of energy monitors is showing
to be an influential factor of an individuals understanding that energy use can be
calculated and monitored.
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Finding: Calculating and monitoring energy use is perceived as a complex
mathematical process	
  
Home occupants consider the governing equation used to calculate and monitor
energy consumption to be complex. While total energy consumption may be difficult, to
calculate electricity consumption, a major type of energy home occupants have the most
control over, a home occupant must simply multiple device wattage and time use.
Unfortunately this process is rarely understood, and often made more complicated by
products that don’t indicate wattage and/or function at variable power levels. People are
aware that there is a usable formula but it is like a distant memory. There is little to no
demand on a consumer to calculate her or his energy consumption.
For the consumer, an energy monitor is a gift and a curse because they simplify
the energy calculation and monitoring process. Even when complicated by extra steps,
the standard home electricity energy calculation process is within the abilities of anyone
who can multiply and add. Unit conversions for electrical energy are in the metric system
that is multiples of ten; calculating wattage by multiplying current by voltage; and
calculating power consumption is wattage multiplied by time use. To get total
consumption a home occupant would add all of their calculations together to have the
comprehensive sum shown on their bill.
The real complexities of the energy calculation and monitoring process are social
not technical. With the increased amount of people and devices in a home, different
standards for devices, and low energy costs, the calculation process not worth the time for
many. Educating home occupants on the electricity calculation process may be a step

104

towards society understanding more complex concepts like embodied energy,
transportation consumption, and overall energy efficiency. Nudging home occupants to
calculate their own consumption by promoting the process as simple, convenient, and
useful will increase society’s Energy Literacy.
Explicitly, Shalon assumes there is a formula and would use it if someone
explained it to her:
“I’m sure that there is a formula to do it, somebody will probably have to share that
information with me … I would probably be able to use it if somebody gave me the
formula… If there is a formula. I’m assuming there is.”
On the contrary, as a result of low confidence, Melissa understands the energy
calculation process but would default to using some type of machine:
“I guess it depends on how good you are because I couldn’t figure it out. But um, I mean,
I’m sure there’s people that could and again, I think like if we called our electric
company and gas company, you know, I think they would, they should be able to tell us
how much we’ve used currently. Um. I mean my dad’s really smart and he knows this
kind of stuff so I’m sure he could probably figure it out. But I personally could not.”
“Well, my dad is a science teacher … and he was my science teacher in high school. I
just, that’s just not my, that is not my forte so.”
“I don’t know if it would just be an explanation or if there’s some way to show them like
measurements that” they would understand… I mean I guess you could, if you like
figured out how much like how many, I don’t know, and again I don’t know all the
correct terms but like watts and kilowatts or you know, whatever the type of
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measurements that, you know, say a particular item in your home uses …like I don’t
know say per minute that it’s plugged in or something like that you could figure out some
type of equation, I suppose… to try to figure out, you know, about how—I mean and it
didn’t like feel like anything unless you, unless you maybe have some kind of I’d say a
machine, I don’t know, something that you could plug in to get exact measurements that
it would be more of a guesstimate… but I feel like you could somehow, like I said, I don’t
know the right numbers or measurements.”
Relating to her architecture background, Cathy recalled the added complexity of
calculating the heat energy in a room when additional people were present:
“You can probably still measure it, it’s just that I’m not sure how you do that. Um, it
probably takes a longer procedure and studies like if you were going to try and measure
the warmth of a room when there’s 10 people vs. when there’s only one person.“
Additionally, Dana related energy monitoring to how she monitors the process of
charging her cellphone battery:
“When you charge it [cell phone] you’re going to get up to, what is it, five or six bars?
To me that’s, it’s being monitored.”
Currently individuals are not required to calculate and monitor their energy use.
As stated before, engineers and scientists have actually automated this process for
simplicity and business purposes. To increase an individuals understanding of the process
of monitoring and calculating energy use, engineers and scientists must make the process
inviting and easily understood. By using concrete examples and monitors that are
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transparent with the monitoring process, we can begin to change the perception of the
calculating and monitoring process of energy consumption.
Finding: Energy consumption feedback at the appliance level is desired to inform
decisions	
  
Beyond the traditionally provided comprehensive sums, home occupants want the
ability to monitor energy consumption of specific appliances. Residential energy,
especially electricity, has a variety of end uses and current feedback occurs well after
consumption decisions have been made. When attempting to make a conscious effort to
save energy, consumers are negligent of consumption rates and suffer from choice
overload. Similar to previous findings (Ehrhardt-Martinez & Laitner 2010), energy
monitoring systems that provide detailed data on the rate of energy consumption enables
users to understand how to better dictate their energy consumption.
Creating a connection between product labeling and monitoring devices will be
useful to better explain the monitoring process. While a monitor makes it easier to
calculate and monitor, a more transferrable lesson can be learned by teaching consumers
how to calculate product consumption by understanding specifications. Features such as
standby, low power mode complicate the calculation process not to mention embodied
energy is rarely clearly defined to a consumer.
Notably, Dennis who is informed about outdoor energy meters, considers an
indoor energy monitor as a convenient improvement:
“I’m trying to think if we have anything in our house that does that. I don’t think we have
anything in our house that does that really, but if you have one of those things you said
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that Shalon had… The energy monitor. But that’s just not something everybody is going
to have in their house.”
“I mean if it was out, I would say a little bit, but not really that much. There’s just so
much going on in your daily life, when do you have time to go outside and look at the
meter and go, oh, I’m using this much power. If you had one in your house, it would
probably be more convenient.”
Furthermore Julie considers an energy monitor to be a critical tool in efficient
decision-making:
“I think that was a good idea because if you can actually see how your power is going
out the window or up through the chimney or whatever. You know, however it’s just
leaving your house, then you’re aware. Wow. We take for granted. "Oh. I forgot I left the
lamp on all night." Yeah. It might not mean nothing but keep on leaving the lamp on for
about five or six days in a row or something or whatever, along with your other bad
habits and see. Then you see your bill and, "Wow. What happened? It’s just me in this
house. Why is my bill two hundred dollars?" What you do? You didn’t use the proper
lighting. You know that there’s lighting that conserves energy. You didn’t use that. You
know there’s other ways of heating your home that you pay no attention to. You say
where’s the harm and you can leave it at seventy-five or eighty and that won’t hurt too
much because you had turned it down or whatever, but you already used that power from
whatever. You know how people turn on something saying, "I’m just turning up high so I
can knock the chill out." Rather than letting it do it’s natural heating, went and turned
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the thing wide open, which exerts all this energy. You see the little ticker, it goes forward.
You can see it.”
“With the monitor on with your system, you can see these scales and stuff. You be looking
at it. Then if you got it where you can consciously see it and you got things going, if you
happen to see things fluctuating, you start with, "What is that doing like that?" Then you
be like, "Oh. I left the iron on upstairs. No wonder that’s high all of the sudden."
“One time I didn’t have a lot of appliances. When I started getting more appliances and
stuff in there and I was out there cutting on something and I glanced up at the meter I
said, "Whoa. It was thirty something for the longest time." I said, "Now it’s done jumped
up to forty-five, almost fifty." Then I said, "Oh. I know what happened. I got a new
refrigerator. I got a bigger refrigerator than the refrigerator I had before." I said, "I got
these ovens now." I said, "I got this conventional counter top oven." Then I said, "Well,
I’ve got all these other things that I use, like the crock pot and all these things." I said,
"Damn. I hadn’t thought about all them separate little things that I had been using helped
that to go up from what it was before I started this other thing." I said, "Wow. I see how it
keeps going up." Now I go around and if stuff not on and then they said to unplug stuff
that you’re not using. Well, not your refrigerator and stuff like that. I keep that plugged
in, but other things I’m not using, like my microwave, that oven, my toaster. I find that
something’s are hooked to the wall are still pulling energy even though it’s not on.”
Additionally, Shalon explained how after she became conscious of her energy
consumption she was incapable of monitoring specific devices:
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“I used to, you know, leave things plugged in and I didn’t realize, you know, that that
was still using energy. So now I try to like make sure that I unplug stuff.”
“They [blow dryers] have like the little reset button so anytime something has a reset but
I’m still like, it’s going to blow a fuse so it must use a lot of energy.“
Furthermore, after an experience with a plug load energy monitor Patty wants to
add on to her energy monitoring experience:
“Yeah, the only way I’ve ever been able to monitor myself personally is with that little
plug thing. I don’t own that. That was a (omitted university name for privacy) thing they
let us use. I don’t really know how to monitor myself personally, but if I had a home I’d
love to do that. I know that I can get a little outlet thing that would monitor everything
that I have plugged in. I’d plug it into that and it tells me how much comes out.“
The participants of my study all have motivations to conserve energy when
convenient, and want to be equipped with the ability to know how much they are saving.
In the home, there are so many ways to consume energy and monthly summative
feedback is not enough. By providing detailed appliance level feedback, the participants
of my study feel more compelled to monitor and calculate their energy use.
Consequently, improving my participants understanding of the energy calculation and
monitoring process.
Finding: There is a separation between personal energy monitoring and public
monitoring	
  
In a single occupant household the energy monitoring process is perceived as
complex but manageable. Once energy consumption involves additional users, data
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becomes noisy and ambiguous. The issue in understanding is a result of most energy use
data being summative. This comprehensive communication makes understanding a bill
simple, but lacks the detail that would help consumers understand personal energy
consumption. For the consumer, this complication in the calculation process makes it
understandable that extra energy consumers add complexity to the energy monitoring and
calculation process. As a result, it becomes particularly rare for large families or people
in public locations to be very engaged in monitoring energy use. So while the lesson is
learned that energy use can be calculated and monitored, most people believe they are
unequipped to do so.
For example, Sue speaks on her difficulty monitoring her energy use when her
grandchildren are home versus when she is home alone.
“Yes, it can be calculated and monitored especially if you live in a home by yourself…
but when you live in a house with somebody else it’s hard to monitor and calculate
energy. You know, I can’t run behind my grandchildren every minute cut that light out,
you know. Yeah, it’s different when you by yourself. You can calculate it a lot better.”
To the same effect, Dennis discussed calculating the energy use of a house party.
He explained how there could be so many sources of energy consumption that increase
the complexity of energy monitoring and calculation.
“I wasn’t really aware of how much was going on. She was in the kitchen cooking.
People were watching, well listening to the television in the living room. I’m sure if you
had something plugged up in the other room, you weren’t aware that it was plugged up,
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cause you don’t live there. It was going to be using power. It just depends on your
surrounding and then what is going on.”
With commercial building sustainable design standards like LEED promoting
energy monitoring, energy dashboards in commercial buildings are becoming more and
more popular. While energy consumption inside of commercial buildings and residential
building serve similar purposes, the information better fits business professionals and not
the everyday residential consumer.
For example, Cathy considers home energy use data to be much more relatable
than commercial building energy use data.
“Because I don’t have a big business that I’m involved with like I could use the
information about a home or use it about a business. But if I was like someone that
worked for a business or owned a business then I would want to know more about that.”
Furthermore, Cathy feels that some of the commercial energy use data is incomparable. It
is obvious to her that a commercial building would use more energy than a home.
“I just don’t think you can compare that to people like the home vs. a big office
building…I still don’t think people are going to relate that to being the same as their
home”
As the education research shows, people want to think about things that matter to
them. As a result of this self-interested mindset, energy consumption data needs to be
personally relevant for it to matter. While on data large groups of consumption can show
a scale of impactful importance, personalized energy data has the strongest effect on
people. For this reason, the participants in my study separate their personal energy
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consumption, from shared pools of energy consumption, limiting the effect of nonpersonalized data.
Summary of findings and discussion
Through my case study approach, multiple lessons on how the Energy Literacy of
occupants and visitors of energy efficient homes is influenced have been found. A more
informed public who is energy literate can be created through interactions with energy
efficient home design. My findings about energy efficient homes support social
constructivism and active learning theories. Lessons on energy should be applicable,
interactive, and visible. The findings above are listed in Table 3 below.
Table	
  3	
  Findings	
  related	
  to	
  DOE	
  concepts	
  

Energy Literacy
Concept
4.6 Human Use of
energy is subject to
limits and
constraints.

4.5 Electricity is
generated in
multiple ways.

6.2 Conservation is
one way to manage
energy resources.

Findings
Home occupants learn the limits of energy in relation to the
concrete and constricting costs associated with their consumption
Home occupants learn the limits of energy in relation to the
tangible and constricting costs associated with their consumption
Relatable systems make it easier to understand energy’s limits
and constraints
The distance between consumers and the power utility allows
consumers to overlook the root of electricity sources
Visible examples of electricity generation systems make it clear
that electricity is generated in multiple ways
Small and interactive may mean inefficient electricity generation,
but efficient energy education
Perceptions of expense and complexity create a disconnect
between residential energy consumers and renewable electricity
generation
Utility bill limits and constraints exemplify the ability to conserve
energy resources
Replicable examples teach lessons on conservation
Via an understanding of the Water-Energy Nexus, water
conservation lessons transfer to energy saving lessons
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Passive design exemplifies how a shift in thinking, can conserve
energy resources through informed efficient decision making

6.5 Social and
technological
innovations affect
the amount of
energy used by
society.

6.8 Energy use can
be calculated and
monitored.

Societal shifts in energy consumption are evident at home
Efficient homes provide applicable examples of social and
technological innovations
The home is an environment in which memorable lessons on
energy are passed through cultures
Home energy consumption comparisons are a popular and
effective social innovation, but people have mixed emotions
about their usefulness
A utility bill makes it clear that utility companies are monitoring
energy use to calculate cost
Interactivity takes energy monitor feedback to the next level
Calculating and monitoring energy is perceived as a complex
mathematical process
Consumption feedback at the appliance level is demanded to
create an understanding of efficient decisions
There is a separation between personal energy monitoring and
public monitoring
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CHAPTER FIVE
Conclusions
The purpose of this research was to understand ways that interaction with energy
efficient home design features affects Energy Literacy. To investigate the relationships
between people interacting with the design of a high efficiency home and their learning,
sharing, and applying energy-related engineering concepts, I conducted an exploratory
multiple case study and an explanation building cross-case analysis. The case study results
and discussion provided in the previous chapter add to the current body of knowledge on
Energy Literacy and sustainable design.
In this final chapter, I discuss the comprehensive lessons learned as a result of this
study. Specifically, I will provide a summary of findings, implications of this research,
limitations of this project, and recommendations for future studies.

Contributions
Most directly, my data confirms that interacting with energy efficient homes can
shape individuals’ understanding of the following Energy Literacy concepts: human use
of energy is subject to limits and constraints, conservation is one way to manage energy
resources, electricity is generated in multiple ways, social and technological innovations
effect the amount of energy used by society, and energy use can be calculated and
monitored.
Energy is an invisible and complex form of matter, but the home provides
concrete and simple lessons that can be utilized to improve Energy Literacy. With the
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assistance of home-related examples, lessons on energy became personally relevant, easy
to understand, and applicable. My findings support and broaden the possibilities for
improving energy education.
With an improved understanding of energy, people are more capable of
consuming energy in the most efficient manner. Lessons learned about the energy
concepts studied in this project all relate to influential decisions energy consumers must
make to help address global energy issues. The homes studied in this project helped
participants learn, share, and apply their understanding of sources of electricity, the limits
and constraints of energy use, the ability to conserve energy, and the ability to calculate
and monitor energy use.
Despite engineering innovations that have separated consumers from the energy
they consume, interactivity is still shown in my research to be common factor relating to
educational potential. Home design features like energy monitors, windows, and
appliances all help home occupants learn through engagement. Social innovations like
sustainability advocates and utility bills with consumer feedback also use interactivity to
improve the Energy Literacy of consumers.
Renewable energy sources provided important insights about the role visibility
and interactivity can play in forming individuals’ understanding of Energy Literacy
concepts. When investigating participants’ understanding of the various ways electricity
is generated, distant yet large and important power plants were talked about as obscure
objects. In contrast, engaging electricity generating bikes were discussed with a confident
understanding. Notably, rooftop solar further reinforced my findings on visibility and
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engagement as exposed participants were confident in their understanding of solar panels
while unexposed participants remained confused.
Solar panels have varied levels of interactivity. Commercial installations are
frequently publicized but are usually located on high inaccessible rooftops. Residential
installations have shown to be effective at educating neighborhoods but they can be
easily confused for objects with similar design features, i.e. solar water heaters, or blend
into roofs with black shingles. What is important to note is the combination of publicity
and real world distribution that makes solar panels an effective educational tool.
When presented with the option of a passive and active opportunity to share
lessons on energy, participants favored the active process the majority of the time.
Notably, participants respected the positive aspects of passive learning processes. For
example, textbooks, videos, and historical documentation were considered to have the
ability to cover a topic with great breadth and depth. Yet at the same time, participants
felt as if the lessons would not be as invited or memorable as active learning processes.
My study provides much-needed understanding of ways to improve societal
Energy Literacy. The transferable lessons in this case study can be used to improve
formal and informal educational experiences. With the help of my findings, educators can
improve on curriculum designed to meet the Department of Energy’s challenge to
increase Energy Literacy. This study can and should be replicated to investigate a larger
set of Energy Literacy concepts and study participants.
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Implications
The power grid and energy efficient homes are engineered systems that have
created a paradoxical connection between home occupants and the natural environment.
Through energy consumption, home occupants are constantly connected to natural
systems from which residential energy is extracted. Modern energy delivery systems
provide convenience but do not require a natural mental presence.
As administrators of this connection, design engineers can benefit from
understanding the environmental beliefs of their stakeholders. For example, residential
energy stakeholders who align with the HEP perspective would consider over-extracting
energy from nature a victimless crime. Conversely, NEP residential energy stakeholders
will feel more inclined to conserve energy and protect endangered natural sites.
Findings from my research provide opportunities for engineers and designers to
improve on the educational opportunity related to home design. Currently programs like
Maine’s PowerHouse initiative exemplify how educators can effectively utilize existing
homes to improve Energy Literacy. With changes to the design of home components,
homes can become even more effective educational tools.
Cutting edge design competitions, like the Solar Decathlon, show promise for the
ability of designers to create efficient and interactive homes. Solar decathlon homes have
begun to show how feedback can be integrated into the design of a home beyond energy
monitors. Energy indicators such as LED lights could assist lessons on energy monitoring
and conservation similar to utility bills and energy monitors. New solar technologies have
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decreased issues with affordability and complexity with lower cost panels and easy-toread interactive displays for generation data.
Improved policies might increase the ability for lessons on energy to flow through
society. For example, future housing codes could require the addition of energy
monitoring technology to circuit breakers. In some states like Maine, advanced metering
is already being capitalized on with programs like PowerHouse. Furthermore,
homeowner associations and utility restrictions on solar panels may be prohibited to
further the visibility of small-scale electricity generation. Currently utilities provide
feedback to stabilize energy consumption and reduce their operating costs. Future federal
mandates on all utilities could increase and improve the decision informing feedback
provided to energy consumers.
Solely for educational purposes, more support should be given to devices and
product labels that engage people with the energy they consume. Improvements to human
powered electrical generators will not directly solve natural resource problems, but more
affordable and engaging devices will increase broad societal understanding of the need to
find sustainable sources of energy. Additionally, the “green-washing” of products needs
to be stopped to reduce the deception of the common consumer. Product energy labels
should be reformed to be informative not deceptive marketing.
There is a need for energy literate professionals who can bridge the gap between
energy experts who profit from the increased rate of energy consumption, and the
common energy consumer. Engineering innovations have allowed for homes to be larger
and more energy efficient. An unfortunate effect of this innovation is the disproportionate
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reduction in residential energy consumption resulting from homeowners purchasing new
larger homes with relatively similar energy costs to older less efficient homes. Just
because energy is affordable does not make it any less invaluable. Professionals who
inform the general public on how to meet their needs efficiently could have a great
impact on society. Indeed, after being informed about what I study, many people ask me
my thoughts on devices, home improvements, and other things they have heard about to
reduce their energy costs.
Limitations and Recommendations for Future Research
This exploratory case study is limited by is scale and the amount of research
supporting it. The case study approach was used for its ability to study novel
contemporary events, but this approach comes with the limitation of results that should
not be generalized to other populations. Instead, the results of the multi-case mixed
methods study should be used as transferrable theories. A collection of larger scale
longitudinal studies on related topics will help to expand and generalize the findings of
this study.
The boundaries of the five specific energy concepts selected to define the scope of
this study are another limitation. During my data analysis, I noted the occurrence of
learning related to concepts outside the scope of this study. Energy concepts are very
interrelated and future studies should focus not only on the concepts in this study but
others as well. Participants in my study discussed quality of life, economic and political
factors, physical processes, and biological processes that were beyond the scope of but
connected to the Energy Literacy document.
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Another limitation of this study was restricted sample size of the study. The home
is an incredibly personal space and to directly observe people inside of their homes was a
complicated process. Unlike commercial buildings, sustainable features of homes are not
actively advertised. Identifying case study homes is a research process within itself
requiring multiple efforts to contact homebuilders, environmental groups, and realtors.
Even after identifying potential case study homes, gaining access to personal space was
incredibly difficult. People were not very excited about having a stranger come inside of
their home to observe their interactions with the home’s design and visitors. After initial
contact, some study participants struggled with the ability to host an event with visitors.
Other study participants did not accept requests to further their participation in the study.
Future studies, which plan to follow a similar research design, should expect to put a
great deal of effort and thought into finding study participants.
Energy Literacy is developed throughout life from various sources of knowledge
and this study is limited to the shared experiences of my participants. Interviews allowed
me to move around in time within the memories of participants, but my study was not
intended to perfectly isolate variables in an individual’s energy education. Instead this
study was used to explore previously undocumented opportunities to use the home to
increase Energy Literacy. Future quasi-experimental studies with more control will
provide a more isolated look at the effects homes can have on Energy Literacy.
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Appendix A
Informed Consent
Information about Being in a Research Study
Clemson University
Learning to and from Sustainable Homes
Description of the Study and Your Part in It
Leidy Klotz, Julie Martin, and Frederick Paige are inviting you to take part in a research
study. Frederick Paige is a student at Clemson University, running this study with the
help of Clemson University Professors Dr. Leidy Klotz and Dr. Julie Martin. The purpose
of this research project is to better the design process of creating sustainable housing, and
to help improve the energy literacy of society.
Your part in the study will be to participate in a case study in which you will be
interviewed, observed, and surveyed to share your thoughts on your understanding of
energy and a sustainable home’s educational potential.
You will be observed once with the time of observation being dependent on the event
being observed (approximately an hour or longer). You will be interviewed once, each
interview taking approximately 45 minutes. You will be asked to take a five-minute
survey once.
The observation and surveying will be conducted at the home and an interview can be
scheduled for a time and location convenient for you.
Risks and Discomforts
We do not know of any risks or discomforts to you in this research study.
Possible Benefits
Participating in this research may help to improve both your understanding of energy and
society’s understanding of energy.
Protection of Privacy and Confidentiality
We will do everything we can to protect participant’s privacy and confidentiality. We
will not tell anyone outside of the research team who was a participant in this study or
what information we collected about a participant in particular. You have provided your
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name but that information will not be stored with your responses. Interview transcriptions
and recordings will be labeled with pseudonyms that are incomplete parts the address
visited which are not sufficient to link responses to participants. Any demographic
information will be general and not sufficient to link responses to participants. Photos,
video, and audio recordings of study participants will be collected and used for data
analysis only. The home will be photographed and photos of the home will be published
with permission of the homeowner. As an added safeguard, the collected information will
be stored on an encrypted external hard drive only accessible to research team members
(Klotz, Martin, and Paige). The secured data will be kept indefinitely for use to defend
any allegations of scientific misconduct.
Choosing to Be in the Study
You do not have to be in this study. You may choose not to take part and you may choose
to stop taking part at any time. There are no repercussions if you decide not to be in the
study or to stop taking part in the study.
Contact Information
If you have any questions or concerns about this study or if any problems arise, please
contact Leidy Klotz at Clemson University at leidyk@clemson.edu.
If you have any questions or concerns about your rights in this research study, please
contact the Clemson University Office of Research Compliance (ORC) at 864-656-6460
or irb@clemson.edu. If you are outside of the Upstate South Carolina area, please use the
ORC’s toll-free number, 866-297-3071.
Consent
I have read this form and have been allowed to ask any questions I might have. I
agree to take part in this study.
Participant’s signature: ____________________________________ Date:
_________________
A copy of this form will be given to you.

Information about Being in a Research Study
Clemson University
Learning to and from Sustainable Homes
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Description of the Study and Your Part in It
Leidy Klotz, Julie Martin, and Frederick Paige are inviting you to take part in a research
study. Frederick Paige is a student at Clemson University, running this study with the
help of Clemson University Professors Dr. Leidy Klotz and Dr. Julie Martin. The purpose
of this research project is to better the design process of creating sustainable housing, and
to help improve the energy literacy of society.
Your role in this study will be to participate in a case study of a home in which you will
be: INTERVIEWED, meaning that we will have a one on one discussion where I ask
you questions that you can respond to freely; OBSERVED, meaning that I will watch
your actions inside of the home and take notes on your behavior; and SURVEYED, all to
allow you to share your thoughts on energy literacy and your homes educational
potential. As a part of this study you will be videotaped, capturing your appearance and
voice to assist in the analysis of the data you provide. You may also be photographed,
any photo containing your image will not be published and will be used strictly for data
analysis purposes.
If you agree to participate in this study, you will take one, five-minute survey. You will
be interviewed four times, each interview taking approximately 45 minutes. You will be
observed 4 times with observation times depending on the event being observed ranging
from one hour to three. By participating in this study we will require that you are willing
to allow us to not only study your interaction with your home but also other people’s
interaction with your home. This requires observation during an event where people in
your personal network are in your home and also observation when students are in your
home.
Survey	
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Interview	
  
HO	
  

Interview	
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HO&VT	
  

Figure A1: Case Study Research Cycle Showing Home Owner (HO) and Visitor (VT) Participation

Risks and Discomforts
We do not know of any risks or discomforts to you in this research study.
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Possible Benefits
Participating in this research may help to improve both your understanding of energy and
society’s understanding of energy.
Protection of Privacy and Confidentiality
We will do everything we can to protect participant’s privacy and confidentiality. We
will not tell anyone outside of the research team who was a participant in this study or
what information we collected about a participant in particular. You have provided your
name but that information will not be stored with your responses. Interview transcriptions
and recordings will be labeled with pseudonyms that are incomplete parts the address
visited which are not sufficient to link responses to participants. Any demographic
information will be general and not sufficient to link responses to participants. Photos,
video, and audio recordings of study participants will be collected and used for data
analysis only. The home will be photographed and photos of the home will be published
with permission of the homeowner. As an added safeguard, the collected information will
be stored on an encrypted external hard drive only accessible to research team members
(Klotz, Martin, and Paige). The secured data will be kept indefinitely for use to defend
any allegations of scientific misconduct.
Choosing to Be in the Study
You do not have to be in this study. You may choose not to take part and you may choose
to stop taking part at any time. There are no repercussions if you decide not to be in the
study or to stop taking part in the study.
Contact Information
If you have any questions or concerns about this study or if any problems arise, please
contact Leidy Klotz at Clemson University at leidyk@clemson.edu.
If you have any questions or concerns about your rights in this research study, please
contact the Clemson University Office of Research Compliance (ORC) at 864-656-6460
or irb@clemson.edu. If you are outside of the Upstate South Carolina area, please use the
ORC’s toll-free number, 866-297-3071.
Consent
I have read this form and have been allowed to ask any questions I might have. I
agree to take part in this study.
Participant’s signature: ____________________________________ Date:
_________________
A copy of this form will be given to you.
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Appendix B
Semi-Structured Interview Protocol
Interview Questions: A table of the repeated competencies maybe used for the
interviewee’s reference
• When was your home created and or retrofitted?
• Which aspects of your home do you consider different from a traditional home (or
changed during retrofit)?
• Can you briefly define the term energy to me?
• Do you feel as if the (we call all of the changes “retrofits” from this point on)
retrofits improved your home’s energy performance? Why?
• Which features of this home do you believe contribute the most to it’s energy
performance? Why do you believe this?
• Do you consider yourself to have an understanding of the nature and role of
energy in the world and your daily life? Please elaborate?
• Do you believe people should understand more about energy?
• Can you tell me any stories of when your understanding of energy shaped a
decision in your life? Did this have anything to do with your home retrofit?
• I am going to read you a few statements, for each please tell me if you agree or
disagree and please explain why you feel so.
o Human use of energy is subject to limits and constraints;
o conservation is one way to manage energy resources;
o electricity is generated in multiple ways;
o social and technological innovations affect the amount of energy used by
society;
o Energy use can be calculated and monitored?
• Do you believe your home helps you to understand that: (How so?)
o Human use of energy is subject to limits and constraints;
o conservation is one way to manage energy resources;
o electricity is generated in multiple ways;
o social and technological innovations affect the amount of energy used by
society;
o Energy use can be calculated and monitored?
• Do you believe exemplifying the following statements with household examples
would help you understand them better: (How So?)
o Human use of energy is subject to limits and constraints;
o conservation is one way to manage energy resources;
o electricity is generated in multiple ways;
o social and technological innovations affect the amount of energy used by
society;
o Energy use can be calculated and monitored?
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•

•

•

Do you believe it would be easier to explain the following to someone interested
in learning about energy with household versus using a textbook explanation? If
so can you please create your own.
o Human use of energy is subject to limits and constraints;
o conservation is one way to manage energy resources;
o electricity is generated in multiple ways;
o social and technological innovations affect the amount of energy used by
society;
o Energy use can be calculated and monitored?
Due to your interaction with this home do you foresee situations where your
knowledge about the following statements will affect your decision-making?
o Human use of energy is subject to limits and constraints;
o conservation is one way to manage energy resources;
o electricity is generated in multiple ways;
o social and technological innovations affect the amount of energy used by
society;
o Energy use can be calculated and monitored?
Due to your interaction with this home do you foresee situations where your
knowledge about the following statements will affect your decision-making?
o Human use of energy is subject to limits and constraints;
o conservation is one way to manage energy resources;
o electricity is generated in multiple ways;
o social and technological innovations affect the amount of energy used by
society;
o Energy use can be calculated and monitored?
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Appendix C
Observation Field Notes Guide
Field Notes Guide- Peggy’s house:
Competencies:
1. Human	
  use	
  of	
  energy	
  is	
  subject	
  to	
  limits	
  and	
  constraints	
  	
  
2. conservation	
  is	
  one	
  way	
  to	
  manage	
  energy	
  resources	
  
3. electricity	
  is	
  generated	
  in	
  multiple	
  ways	
  
4. social	
  and	
  technological	
  innovations	
  affect	
  the	
  amount	
  of	
  energy	
  used	
  by	
  
society	
  
5. energy	
  use	
  can	
  be	
  calculated	
  and	
  monitored	
  
Home Features Linked to Competencies
• Building	
  orientation	
  –	
  orientation	
  has	
  not	
  been	
  optimized	
  due	
  lot	
  layout	
  
and	
  being	
  part	
  of	
  an	
  existing	
  neighborhood	
  but	
  the	
  roof	
  was	
  designed	
  
with	
  proper	
  over	
  hangs	
  to	
  shade	
  appropriately	
  
• Compact	
  design	
  –	
  very	
  well	
  put	
  together	
  layout	
  with	
  minimal	
  hallways,	
  
stacked	
  utilities,	
  and	
  higher	
  ceilings	
  to	
  help	
  with	
  thermal	
  comfort	
  and	
  a	
  
feeling	
  of	
  spaciousness	
  	
  	
  
• Proper	
  insulation	
  –	
  Upper	
  level	
  utilizes	
  SIP’s,	
  bottom	
  level	
  built	
  with	
  
super	
  insulating	
  prefab	
  concrete	
  walls	
  instead	
  of	
  CMU	
  Blocks,	
  the	
  
bottom	
  level	
  is	
  half	
  way	
  underground	
  	
  
• Proper	
  glazing	
  –	
  low	
  e	
  windows	
  are	
  used	
  and	
  placed	
  in	
  strategic	
  
locations	
  for	
  day-‐lighting	
  and	
  cross	
  ventilation	
  	
  
• Efficient	
  Materials	
   -‐	
  the	
  home	
  was	
  built	
  with	
  recycled	
  materials	
  and	
  
with	
  materials	
  that	
  improve	
  thermal	
  comfort	
  such	
  as	
  recycled	
  hard	
  
wood	
  floors,	
  finished	
  concrete	
  basement,	
  light	
  reflecting	
  paint	
  colors,	
  
Metal	
  roof	
  with	
  rain	
  collection,	
  permeable	
  pavers,	
  bio	
  swales	
  and	
  
efficient	
  vegetation	
  in	
  backyard	
  	
  
• Efficient	
  Appliances	
  –	
  wood	
  pellet	
  stove	
  in	
  living	
  room,	
  efficient	
  kitchen	
  
and	
  laundry	
  appliances,	
  CFL	
  bulbs,	
  and	
  LCD/LED	
  TV’s	
  	
  
• Efficient	
  Hot	
  Water	
  Heater	
  –	
  Hidden	
  in	
  basement	
  utility	
  closet	
  	
   	
  
• Efficient	
  HVAC	
  –	
  Efficient	
  hvac	
  with	
  standard	
  lcd	
  thermostat	
  	
  
• Energy	
  Dash	
  Board	
  -‐	
  laptop	
  in	
  kitchen	
  has	
  TED	
  dashboard	
  	
  
• Informational	
  Signage	
  	
  –	
  books	
  on	
  the	
  living	
  room	
  book-‐shelf	
  are	
  all	
  
about	
  sustainability.	
  Not	
  a	
  usually	
  piece	
  of	
  informational	
  signage	
  but	
  
preliminary	
  data	
  is	
  showing	
  potential.	
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Appendix D
Survey and Pilot Survey Data

	
  
	
  
Figure	
  A2:	
  Pilot	
  Survey
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Solar Decathlon Pilot Survey Results
Last Modified: 11/17/2013

1. Conservation is one way to manage energy resources
#

Question

1

2

3

4

5

Total
Responses

1
2

potential
before
other
apps
stimulates
interest
share in
any of the
following
manners?

1
0

3
2

5
4

17
15

20
25

46
46

0

4

10

16

16

46

1

1

5

19

19

45

8

17

14

26

11

76

3
4
5

Table	
  A1	
  Pilot	
  Survey	
  Data

Figure	
  A	
  3	
  Pilot	
  Survey	
  Data
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2. Human use of energy is subject to limits and constraints
#

Question

1

2

3

4

5

Total
Responses

1
2

potential
before
other
apps
stimulates
interest
share in
any of the
following
manners?

3
0

5
2

9
11

15
14

15
20

47
47

1

1

13

23

9

47

2

3

8

12

20

45

10

16

14

27

11

78

3
4
5

Table	
  A2	
  Pilot	
  Survey	
  Data

Figure A4 Pilot Survey Data
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3. Electricity is generated in multiple ways
#

Question

1

2

3

4

5

Total
Responses

1
2

potential
before
other
apps
stimulates
interest
share in
any of the
following
manners?

5
0

2
1

9
11

15
8

14
26

45
46

5

3

8

19

12

47

3

4

10

13

16

46

9

17

13

29

10

78

3
4
5

Table A3 Pilot Survey Data

Figure A5 Pilot Survey Data
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4. Sociological innovations affect the amount of energy
consumed by society
#

Question

1

2

3

4

5

Total
Responses

1
2

potential
before
other
apps
stimulates
interest
share in
any of the
following
manners?

1
3

3
5

11
6

17
9

15
24

47
47

2

4

8

20

12

46

1

4

11

10

20

46

7

16

16

29

9

77

3
4
5

Table A4 Pilot Survey Data

Figure A6 Pilot Survey Data
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5. Technological innovations affect the amount of energy
consumed by society
#

Question

1

2

3

4

5

Total
Responses

1
2

potential
before
other
apps
stimulates
interest
share in
any of the
following
manners?

0
0

3
3

4
8

15
11

25
25

47
47

1

1

4

15

25

46

0

0

4

14

29

47

9

20

15

28

11

83

3
4
5

Table A5 Pilot Survey Data

Figure A7 Pilot Survey Data
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6. Energy use can be calculated and monitored
#

Question

1

2

3

4

5

Total
Responses

1
2

potential
before
other
apps
stimulates
interest
share in
any of the
following
manners?

0
0

1
3

2
6

13
11

31
27

47
47

1

0

8

12

26

47

0

1

2

12

32

47

9

18

14

28

9

78

3
4
5

Table A6 Pilot Survey Data

Figure A8 Pilot Survey Data

7. What is your gender?
#

Answer

Response

%

1
2

Male
Female
Total

25
21
46

54%
46%
100%

Table A7 Pilot Survey Data
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8. With which racial group do you identify with? (Mark all
that apply)
#

1

2

3
4
5
6

7
8

Answer

AfricanAmerican or
Black
South
Asian(e.g.
Indian,
Pakistani,
Bangladeshi,
Sri Lankan,
etc.)
Other Asian
American
Indian or
Alaskan
Native
Caucasian or
White
East Asian
(e.g. Chinese,
Korean,
Japanese, etc.)
Native
Hawaiian or
Pacific
Islander
Other

Response

%

2

4%

0

0%

1

2%

0

0%

35

76%

1

2%

2

4%

6

13%

Table A8 Pilot Survey Data

9. Please indicate if you are of Hispanic origin.
#

Answer

1
2

Yes
No
Total
Table A9 Pilot Survey Data
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Response

%

5
39
44

11%
89%
100%

10. What is the highest level of education you have completed?
#

1
2
3
4
5
6
7
8

Answer

Less than
High School
High School /
GED
Some College
2-year
College
Degree
4-year
College
Degree
Masters
Degree
Doctoral
Degree
Professional
Degree (JD,
MD)
Total
Table A10 Pilot Survey Data
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Response

%

1

2%

1

2%

6

13%

2

4%

22

48%

11

24%

2

4%

1

2%

46

100%

Appendix E
Q3 Framework

Figure A9 Q3 Framework Diagram (Walther, Sochaka 2014)
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Table A11 Notes guiding quality management model adapted from (Walther, Sochaka & Kellam , 2013) and applied to
this work.

Description
How can we
improve the
research findings’
capacity to
appropriately
capture and
represent aspects of
the social reality
observed?
Theoretical
validation:
Do the concepts and
relationships of the
theory appropriately
correspond to the
social reality under
investigation?

Making the data

Handling the data

Do we get to see what we think we
see?

Is the researcher’s
version grounded in
the versions of the
participants’? Do we
call things by the right
names?

The research process needs to be
able to capture the full extent of the
social reality studied.

Interpretations need to
reflect the coherence
and complexity of the
social reality under
investigation.

•
How interactions with high efficiency
homes affect social energy literacy. Case study
homes were selected by their design features
and inhabitants willingness to participate.
•
The case studies include survey,
observation, and interview data. Each data
collection process follows a reviewed protocol
which focuses on a specific set of energy
literacy concepts. Lessons learned are entirely
generated by the participant requiring them to
genuinely express related experiences.
•
Interviews provide the depth and
detail in this study and are assisted by
observations and survey data that allow the
researcher to search for a wide breadth of
potential experiences. This study attempts to
understand a large** phenomenon by having
participants extend the researchers experience
though their memories and thoughts.

•
The entire analysis
rests on energy literacy
concepts that relate to the
research questions.
Observations of interactions
with home design features
and reported
learning/sharing/applying is
investigated in more detail in
interview questions which
require participants to
articulate their meanings of
observations and answers.
•
Descriptive coding
and then pattern coding will
be used to allow flexibility to
navigate the complex reality
I am investigating.
•
By tying my
descriptive and pattern codes
to “theories” I will be
anchoring my study into
multiple sought after
contexts.

Procedural
validation:
Which features of
the research design
improve the fit

Strategies need to be implemented in
the research design to mitigate
threats to contextual validation.
Features, processes, mechanisms

Processes
need to be
implemented
to mitigate
risks of mis-
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between reality and
the theory
generated?

constructing
the
participants’
reality in the
researcher’s
interpretatio
ns.
• The survey and observation data informing
the interview protocol is a procedural
element to increase data quality; there is an
explicit structural connection between the
high efficiency home survey, in home field
observation protocol, and interview protocol.
• Our process of transforming survey
responses into an individualized interview
guide improves fit between the theory and
reality we investigated: we first asked an
open-ended question supported by our guide
of prompts from the survey responses.
“Please provide me an example of how this
home does a very good job teaching that
energy can be calculated and monitored”

Communicative
validation:
Is the knowledge
socially constructed
within the relevant
communication
community?

The interview protocol was designed to
maximize quality via interview
preparation, including explaining the
importance of the research to the
participants.
The data gathering needs to capture
the respondents’ inter-subjective
reality.

• Used each participant’s observation and
survey data to form individual semistructured interview guides.

Framed questions to avoid energy
jargon to ensure that participants
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• Using verbatim transcript
data, parallel coding,
member checking

Sought advice/peer
debriefing from ***
external researchers with
expertise in theoretical
and methodological
aspects of the project

The researcher’s
abstract
interpretations need to
be grounded in the
accounts of the
participants. The
knowledge produced
needs to be
represented in
accordance with the
meaning conventions
of the research
community.
• Listening to voice
recordings of the
participants ensured that
we could “hear” the
participants voices as we

authentically constructed their own
meanings.
Repeatedly verified if we were
obtaining authentic dialogue to ensure
that the reality of experience of all our
interviewees came forward
• Examined the possible occurrence of our
own personal bias during the interview
leading us to predetermine conclusions and
preventing the co-construction of actual
meaning here.
• Ensure a smooth transition of data of the
participant experience to that of the
research community

•

•

•

•

•

Pragmatic
The concepts underlying the
validation:
research design need to be
Do the concepts and compatible with reality in the field.
knowledge claims
withstand exposure
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handled the data; reassured
us that although we were
no longer talking to them,
we adhered close to their
meaning and close to the
data as we shifted
audiences to the research
community for
transparency
Co-constructing meaning
making within the research
group, two researchers
doing interviews together
links the research team;
research team is carrying
meaning from participants’
voices to research
community audience.
Used language consistent
with the customs of the
research or research
community (used
Department of Energy
energy literacy language in
the analysis and writing
the paper), in order to coconstruct meaning with the
research community.
Continuously revisited
verbatim transcripts and
used illustrative quotes
from participants .
Carefully established
findings with our original
research question and
theoretical considerations
of learning, sharing, and
applying energy literacy
concepts.
Presented raw transcript
data to outside experts to
validate differences in “the
telling” and “the told”
(peer debriefing for
appropriateness of the
methods and conclusions).

The knowledge
produced needs to be
meaningful in the
social context under
investigation.

to the reality
investigated?

• The mixed methods approach enhanced
additional understanding that could not be
achieved with one method alone.
• We examined the theoretical constructs
brought to the study to the theoretical
constructs generated from the study, to
determine asking if they “survive” exposure
to empirical reality. That is, do they have
fidelity in generating response or promoting
understanding? Do they resonate or have
meaning with reality?
o The assumption that people are learn
from exposure was kept in check by
requiring participants to come up with
their own examples of learning.
o The assumptions that people will
share or apply their knowledge
• The assumption that knowledge is
developed due to interaction with a high
efficiency home is addressed by phrasing
the questions with respect to the home and
requiring examples from the home.

Process reliability:
How can the
research process be
made as
independent as
possible from
random influences?

The data needs to be collected and
recorded in a dependable way

• The pass system used in
analyzing the data
demonstrates that our
interpretation was
grounded in what
participants said and in the
theory to which the
research community has to
compare.
• From here, future studies
may be directed at the
investigation of the
disconnect with the theory
and the social reality
experienced at high
efficiency homes
• The true pragmatic
validation will come with
publication of the findings
and test of their
transferability.

Procedures for
generating and
representing
knowledge need to be
established and
documented.

• Transcripts were checked and corrected
while listening to digital recordings
• Interview data and
• Random influences were minimized through
interpretation were
protocols such as the way the interviewers
compared to survey answers
deliberately presented this as University
and observations before,
sponsored work, and communication about
during analysis
participants’ importance to the overall
Parallel coding,
project.
verbatim analysis
• Interviews were conducted in the case study
• Memo’s were created and
homes and in libraries. The audio was
discussed with my research
recorded and transcribed allowing the
collaborators throughout the
researcher to take notes during the interview
process.
of body gestures, and other situational
occurrences that the audio may not be able to
fully capture.
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